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TO THB 



SECOND EDITION. 



It is impossible to acquire thorongh scientific knowledge by ihe study of 
books alone, withont personal Observation and research. Bnt a thorongh 
acquaintance with physical sclence has become necessary to snccess in so many 
pursoits that the chemist, the physician, and the practical mechanic, not less 
than the professed physicist, mnst know how to make physical experiments. 
The intrinsic interest of the subject also attracts many who have no positive 
necessity for the study. The amatenr confines himself nsnaUy to some special 
branch of the sclence, bat the teacher mnst have a mach more general acquaint- 
ance with the art of experimenting : for the intellectaal and material Import- 
ance of physical science is daily becoming more evident, though its practical 
Utility is that which will first gain it a place in the school. In order that 
instruction in natural science may accomplish that which is ezpected of it, 
(whatever may be the method employed,) it must be supported by experiment 
The time when chalk and black-board were all that were required, is, fortunately 
for our schools, long past. 

To assist instruction by experiment, requires something more than the expend- 
iture of money in the purchase of apparatus : the teacher must know how to 
make experiments. Many teachers, however, have had no opportunity, after the 
completion of their studies, to acquire the art of manipulation, and must learn 
it after the apparatus has been placed in their hands as teachers; and how 
often is the division of studies mäde to depend upon which teacher can occupy 
two to four extra hours a week ! Even if the first selection of apparatus be left 
to the teacher, the means, usually sparing enough, will often, in spite of his best 
endeavors, be injudiciously expended, though hardly sufficient to procure the 
most indispensable articles; while no provision at all is made for the future 
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Digitized by 



Googk 



iv PREFACE TO THE 8EC0ND EDITION. 

development of the instnictor himself. The teacher can only overcome this 
dlfficnlty by andertaking himself to constnict such apparatas as does not 
reqnire a particnlar arrangement of the Workshop, special dezterity. and acca- 
rate execntion ; er, at least» to have them made nnder his direction by snch 
mechanics as are accessible. This is possible only when the apparatns is 
redaced to the simplest form consistent with its object. 

Many others are placed more or less in the same circumstances as the teacher, 
and the amatenr in physics will take pleasure in constructing apparatus for 
himself. 

It is the object of this book on the one band, to fnrnish an introduction to 
physical experimentation, to describe all the particnlars reqoisite to success, to 
call attention to those points which must be considered in the purchase and use 
of apparatus ; and on the other band, to give instmctions for the constraction 
of apparatus in the cheapest and most effective way. 

Much of what is here treated of is scattered through the text-books on 
physics; but there is much more which would'be out of place in a text-book, 
and is prcserred only by tradition among physicists. It follows, from what has 
been said, that the book cannot treat of experiments intended to advance the 
Bcience, but of such as are suited to the demonstration of known laws, and must 
even exclude those which illustrate laws too recondite for general Instruction. 
The theoretical importance of the phenomena of fluorescence, and the tension 
produced on wires by electrical induction, have induced me to mention them, 
although they have not yet found their way into text-books. 

It was no part of my design to make a complete collection of experiments or 
apparatus ; and those experiments which require no particular apparatus or care 
have been passed over for the most part in silence? Of several experiments for 
the illustration of the same laws, the preference is given to those which are 
most easily performed, most striking, and cheapest. 

In regard to the making of apparatus, I have described only such as one with 
some mechanical skill, or the aid of a good mechanic, may make for himself. 
Such things as air-pumps, telescopes, microscopes, etc., must always be bought 
from the dealers. If one does not object to the trouble of oversecing, many a 
thing can be made by a handy mechanic which is in no way contemptible; for 
this reason, many pieces of apparatus have been drawn in section. The money 
spared in this way may be expended in the purchase of other articles which 
cannot be made at home, and thus more accomplished with little means. 

In this edition I have, more frequent than in the former, in connection with 
the simplest apparatus, also described more coroplex ones, which answer the 
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parpose better. The choice mnst depend npon the time and the means, as well 
as npon the scope of the instrnction. 

It is true that, in beginning, the amateur instrament^maker, with all the pains 
that he may take, will not make verj elegant apparatas; bnt it will at least be 
usefnl, while one often bays apparatns which he conld jnst as well make him- 
seif, or which was not properly examined, or well packed before sending. 

All costly articles should be pnrchased from makers of known character. 

I have not designed to explain all the mcchanical Operations necessary, and 
have assumed technical terms as known ; for otherwise, the description of the 
apparatas wonid have been too prolix. It was necessary, however, to the 
object in view, that directions shonld be given for sach common Operations as 
soldering, yamishing, glass-working, etc. I have been indnced, partly by 
experience, and partly by the wish of experienced friends, to collect the descrip- 
tion of these several processes, and make of them a separate division of the 
book. This gave the opportunity to describe several Operations more minutely 
than was done in the first edition. Such Operations as are only necessary in a 
special experiment have been left.in their place, as they wonld be songht for 
nowhere eise. 

The size of the apparatas is always given, either in the text or in the figures, 
as I have leamed by experience how greatly one may err in this respect. In 
these measares, the line is assamed as eqaal to 3 millimeters. 

Althoagh I had in general avoided the designation of apparatas by the names 
of the inventor, except when this was in common ase, some errors of this kind 
crept into the first edition. I have done my best to correct these errors in this 
edition, and repeat my former declaration, that I did not feel bound to go into 
investigations of the right of priority. I am glad to receive corrections, when 
made in a proper spirit. 

In the arrangement of snbjects, I have followed Professor MUller*s text-book 
of physics. Many figures have also boen borrowed from the same book, with 
the consent of the aathor. The desire to make the book as cheap as possible, 
indaced me not to repeat the description of such apparatas as, for example, the 
air-pamp, whose constraction is described in every text-book of physics ; bat, 
assaming their constraction as known, to allade only to the precaatious neces- 
sary in asing or constracting them. Every thing relating to chemistry has 
been omitted, becaase there are already excellent hand-books on this scbject. 

My attempt at an introdaction to physical experimentation has been received 
with more favor than, from its imperfections, I had any reason to expect; as is 
best shown by a new edition being reqoired in so short a time. I have ased 
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every opportnnity, in the mean time, to Bupply the defects of the former edition, 
both by clearer descriptions of processes and by more definite Statements of 
nnmber and measnre. 

In perfecting the present edition, I have been under Obligation to many 
friends and acquaintances for the description of simple apparatas ; and especially 
to Professor Yarrentrapp, of Brunswick. I wonld here ezpress my thuiks to 
these friends, and also to the publishers, who have enriched this edition with 
many additional fignres, and snbstitnted many new ones for others which were 
wanting in precision and accnracy. This is a matter of g^at importance, for 
the design of the book requires the most carefnl delineation of the objects 
described. 

May this edition be as Mndly receiyed as the last, and contribnte its qnota to 
the advancement of science. 



THE AUTHOR. 



FbBIBUBO, IV THB BbEISOAU, 

Jamiary, 1856. 
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PHYSICAL TECHNICS. 



PART FIRST. 

PHYSICAL MANIPULATION. 

M&aagement of Apparatus in general, and I>ireotion8 for aome of the most 
firequent Operations. 



CHAPTER I. 



OF THE ABBANGEMENT OF THE PL/LGE AND THE MANAGEMENT OF 
APPARATÜS IN GENERAL. 

[1] The Room. Convenient arrangement and carefnl presenration 
of the apparatos facilitate its use, and contribute to its durabilitj so much, 
that thej are of eqnal importance to the teacher and the amatenr 
Bat reasonable desires can seldom be gratified in this matter; the 
teacher is seldom able to make the desired arrangements or changes. If, 
however, it be in his power to control the arrangement of his lecture- 
room, an apartment shonld be especiallj appropriated to the pnrpose of 
physical experimentation, in which the seats shonld be arranged in 
rising snccession, with the foremost nearlj on a level with the table, so 
that even those in the first row maj look downward npon it. Mach time 
is saved in this waj, hj enabling the lectnrer properly to prepare each 
experiment beforehand, not to mention the time which is often lost bj 
having to set the apparatns in its place dnring the lectnre. It is verj 
advantageons to have an adjoining room for the preservation of the 
apparatus. This shonld in no case be too far from the lectnre-room, and 
least of all in another story. The laboratory mnst be near the apparatns- 
room. This room shonld have the snn on at least one side, and be well 
provided with shelves and drawers. 

[2] Most pieces of apparatns can be best kept in glass cases from twelve 
to fonrteen inches in depth, made in two parts, a lower one abont two 
feet and a half or three feet high, with wooden doors, and an npper with 
glazed doors ; these shonld move on hinges, not slide. Bj means of a 
small ladder of two or three Steps, access can be had to the top shelves, 

2 (IT) 
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on which maj be placed such light articles as are odIj ased occasionallj. 
Larger pieces of apparatos which canDOt be kept in these cases, soch as 
air-pomps, electrical machioes, etc., should be protected from dost by 
snitable Covers of pasteboard, maslio, silk, or other material. In this 
room as Utile work as possible should be done. 

[3] In the Workshop there should be a wide, firm table, wlth drawers, 
in the middle of the room ; and, by a window, a heavy work-bench, of 
three-inch oak, provided with a vice, ünder another window should be 
placed a tnming-lathe, with its apparatos. A forge is also indispensable. 
It should be so situated that the Operator shall no^ stand in his own 
light The bellows can be arranged overhead. It need not be large — ^from 
two to four Square feet are enough for all purposes. In case the Opera- 
tor is obliged to make it himself, the necessary directions are given ander 
the head of glass-blowing. The tube which conducts the blast to the fur- 
nace may be made of tin, from one to two inches wide, terminating in acast- 
iron nozzle, with an aperture half an inch wide, in order to concentrate the 
blast. The nozzle projects half an inch into the fnmace, and inclines at 
a small angle toward the hearth. 

The blast-pipe is nsoally furnished with a stop-cock, in order to con- 

Fig.l 
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trol the blast or shot it off saddenlj. It is well to have a tube lead- 
iDg from the side of the stop-cock, as in fig. 1, the parts of which are only 
Btnck into each other, so that it maj be fixed in any direction and broaght 
to bear npon a band fhrnace. The tap of the stop-cock is made cjlindri- 



cal, as is shown in figs. 2 and 3, and has three openings, 
so that the blast may be entirely cut off, or thrown into 
either tube at pleasnre. The hearth of the forge need 
not be more than two inches deep ; its depth is easily 
increased by laying a few fire-bricks aronnd it. A valve 
shonld be provided to close the chimney in the winter, 
when the forge is not in nse. Near the forge, a blast- 
fhrnace shonld be built in the broad hearth. A glass 
case shonld be provided for the necessary chemicals ; the 
tools, however, may be stuck in racks nailed against the 
walls or in the recesses of the Windows. The smaller 
and more delicate articles may be preserved in wooden 
boxes or drawers. 

[4] The introdnction of gas into a laboratory is a 
great convenience; it is cheaper than spirits of wine, 
cleaner and more convenicnt tbau any other fael, and 
gives a hotter flame. Two barners sliould be placed 
over the hearth, one for illnmination, the other for heat- 
ing ; fig. 4. For the lat- 
ter purpose, a ring with 
three arms, figs. 5 and 6, 
is fixed on the bumer, to 
Support a conical tube of 
sheet-iron or copper, fig. 
7, which is covered at 
the top with coarse wire 
ganze. The gas is mixed 
in the tube with atmos- 
pheric air, and bums 
above the ganze with 
a bluish flame, without 
smoke. When a higher 
and concentrated heat is 
required, this tube may 
be surrounded by a simi- 
lar one half an inch high- 
er, resting in the niches, 
fig. 6, which brings an 



Fig- 2. 




Fiq. 3. 
Fig. 4. 
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additional current of air to the flame. The &ame is completeljr controUed 
bj the stop-cock. The brauch in fig. 4 can be fitted with a Joint, 
so as to Swing round, if desirable. Almost anj form of bnmer can 
be used. The wire ganze mnst be two inches above the top of 
the burner. Burners with numerous apertures are preferable, because 
they produce a more thorough miztnre of the gas with air. Simple or 
jointed brackets are placed over the work-benches. They should be 
made with two bumers, so that one maj be used for illumination, and a 
flexible tube attached to the other; or a stop-cock, with a short tnbe bent 
down ward, may be soldered into the pipe, as in fig. 8, for the pnrpose of 
attaching a vulcanized mbber hose. If a thin India-rubber tube be 
attached directly to the bumer, it will bend over and stop the flow of 
gas. For boiliug, or igniting, on the work-bench, the wire ganze may 
be set over the bumer, b, fig. 8, or the bumer, fig. 9, which is connected 

Fig. 8. 





by a flexible tnbe, with the stop-cock, a, fig. 8. This bumer consists of a 
wooden or metal stand, a, in which the rod c may be fixed at any height 
by a screw. This rod supports a gas tube, d, on which the burner is 
screwed. 

Gas apparatus for some special purposes will be described hereafter. 
The arrangement described here inyolves so little additional expense, when 
gas is once introduced into the building, that it bears no proportion at 
all to the convenience attained by it. These requirements will, perhaps, 
seem too great for a high school or academy, but they can hardly be 
moderated, if instmction is to be imparted successfuUy, and not confined 
to text-books. No provision for instmction in chemistry is here contem- 
plated, for crowding a Workshop and laboratory together is attended with 
much injury to the iron and steel tools. 

[5J If the teacher be disposed to devote time to the constmction of 
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such apparatas as he can make, with the instractioDS here given, or have 
them constracted ander bis supervision bj skillful workmen, he mast be 
provided with the necessarj tools, whieh are not verj numerous. The 
most of them he can constract himself as occasion requires ; and all large 
Operations had better be lefb to a mechanic. The necessarj skill is easily 
acqnired, with a little care and attention. The directions giren in this 
book applj, with the exception of soldering, mostly to Operations for whieh 
no experienced workman can be fonnd in small towns, and at whieh the 
ezperimenter most often try his band withont ever having seen them per- 
formed. The following list maj be considered as comprising the necessarj 
ontfit:— 

1. An iron yice, of abont 20 pounds weight 

2. A set of files and a hand-vice. 

3. A pair of bellows, with water trongh, smith's tongs, coal shovel, and 
tongs. 

4. A homed anvil of from 25 to 30 ponnds. 

5. Several hammers of from two ponnds to one-qaarter of a ponnd. 

6. A pair of nippers. 

7. Two flat and two round pliers. 

8. A pair of tinner's shears. 

9. A small lathe. 

10. A chisel and a gonge for tnming wood. 

11. Yarions angers and bits for the lathe. 

12. Brace, with an assortment of bits. 

13. A screw-plate for cntting screws of varioas degrees of fineness, np 
to two or three lines. 

14. A saw for cntting metal. 

15. A pair of callipers. 

16. A milling wheel. 

17. A screw wrench. 

18. A jack and a smoothing plane. 

19. A conple of chisels and rasps. 

20. A panel saw. 

21. A few screw clamps of different sizes. 

22. Aglnepot. 

23. Ahatchet. 

24. A grindstone and whetstone. 

25. A charcoal fnmace. 

26. A spirit-lamp with rather thick wick. 

27. A blow-pipe. 

28. A soldering iron. 
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29. A glass-blower's table. 

30. A pair of strong scissors. 

31. A small iron mortar. 

32. A porcelain mortar. 

33. An iron beveL 

34. A glazier'8 diamond, and a diamond for writing on glass. 

The cost of all these articles maj amoant to $100; the lathe alooe 
being worth, say $30. The price of each will of coorse varj with the 
perfection of the workmanship, bot the first cost cannot be less than this. 
The most costlj article, the lathe, is at the same time abont the most 
indispensable. If the experimenter be not familiär with the ose of this 
Instrument, the advice of some experienced person shonld be taken in its 
selection, with due reference to the place where it is to be nsed. When 
the means allow, it should have cast-iron cheeks and rests. The spindle 
mast be arranged for attaching screw guides, and have on the cheek end. 
an eztemal and internal screw. Two dmms will be reqnired, one abont 
eight inches in diameter for tnming iron, the other three or fonr, for 
taming wood and brass. The fly-wheel shonld not be less than 50 ponnds 
weight, and two and a half feet in diameter. Besides the tools, a stock 
of various kinds of wood, such as beech, walnnt, cherrj, and poplar, mnst 
be laid in some drj airy place. Neglect of this canses manj difficulties 
from the shrinking of green wood. 

With the above-mentioned apparatns, the Operator will be able, by 
degrees, to constrnct the remaining tools for himself. At first, all will go 
on slowly, as to make the smallest or simplest article may reqnire the 
constmction of a special tool ; but this difficulty and delay will gradnally 
lessen, and much practical skill be obtained for farther Operations. The 
experimenter must learn to do much with small means, and even, as Frank- 
lin says, ''saw with a gimlet and bore with a saw." 

[6] If, after all, the above tools cannot be obtained, the following 
will answer a great many pnrposes : — 

1. A small bench-vice, with anyil. 

2. A hand-vice. 

3. A small anvil with a hom. 

4. A pair of nippers. 

5. Fiat and round pliers. 

6. Two hammers. 

7. A couple of files and rasps. 

8. A few gimlets. 

These may cost some $25 in all, and are really as few as can be got 
along with. 
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[7] The parchase of apparatas depends so mach on the means at 
command and the eztent of the instraction proposed, that no general 
roles can be given for it If the teacher be inexperieneed, he shonld not 
be hastj in making his parehases, bat rather accamolate apparatas grada- 
allj as it is needed in the coarse of his instraction ; he will thas leam 
best how and where to order apparatas. 

TTnder the sappodtion that it is intended to constract most of the 
apparatas for one's seif, the foUowing shoald be immediatelj ordered from 
an instrament-maker, even thoagh the instraction to be imparted be of the 
most elementarj character : — 

1. Common balance, carrying from five to ten poands - - - $25.00 

2. An areometer 1.00 

3. Siphon barometer, with stopper 20.00 

4. Air-pamp, with its apparatas $10.00 to 300.00 

5. Models of saction and forcing pamps, with glass tabe - • 12.00 

6. Concaye, convex, and plane glass mirrors 3.00 

T. Prism, of flint glass, if possible 1.26 

8. Large convex lens, with sereral of smaller size ; also a con- 

cave lens 6.00 

9. Terrestrial achromatic telescope magnifying 12 to 20 times 30.00 

10. Compoand achromatic microscope $18.00 to 50.00 

11. Thermometer, the Scale on glass 2.00 

12. Water hammer 3.00 

13. Horseshoe magnet, carrying 18 to 20 poands .... 3.00 

14. Magnetic needle with agate cap 1.00 

15. Electrical machine $20.00 to 200.00 

16. Six carbon and zinc Clements 15.00 

Add for tools, and pay to workmen for what is given oat, and 

formaterials 170.00 

$339.25 

Thas for aa original oatlay of from $400 to $800, and an annaal 

addition of $50 for at least the first few years, the experimenter will be in 

possession of apparatas bj means of which he will be able to giye verj 

thoroagh school instraction in physics. 

A more complete list of apparatas will be foand at the end of the book. 

[8] Each of these instraments, as far as possible, shoald be taken to 

pieces, in order that its constrnction may be accarately stadied, and manipa- 

lation be thas more readily anderstood. Some too may hare imperfections, 

or at least ancertainties in nse, only to be avcided by special precaations. 

Shoald this be the case with any, it wonld be well to attach ia writing, to 

each, the method by which the necessary rectification is to be made. 
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Likewise, all appnrtenances, snch as wires, hooks, etc., shoald bo laid 
beside the apparatns to which thej belong. When an inventorj of stock 
is kept, each plece shöuld be numbered, and opposite this namber in the 
list, shoald be stated the name, ose, cost, etc. This will be nseful to the 
present incumbent, and still more so to his snccessor. 

[9] Whenever anj plece of apparatns has been osed, it shoald be care- 
fdllj cleaned and retarned to its appropriate place ; all articles shoald, as 
iar as possible, be arranged in sjstematic order. 

Glassware is best cleaned with alcohol and blotting-paper, and dried 
with a clean linen cloth. Brass shoald be rabbed, in the direction in 
which it was polished, with linen and fine Tripoli, or prepared chalk, 
and dilnte alcohol. Brass articles are generally yamished, in which case 
nothing more can be done than to rub them with clean blotting-paper and 
fine linen, and this onlj in the direction of the streak. Articles in f)re- 
qaent nse shoald never be vamished, as varnish soon rnbs off in spots, 
which looks badly. Whenever this is the case, it will be better to remove 
the yarnish entirely bj means of alcohol. 

Iron apparatns is rarely varnished ; it may be cleaned by rnbbing with 
blotting-paper and a little olive oll, with which the snrface shoald always 
be lightly greased. If harder rabbing is necessary, add to the oil finely 
levigated emery, or eise take emery paper. If the latter cannot be 
obtained, it may readily be made, by coating stoat writing-paper with 
strong glne, and then npon this sifting emery throngh fine ganze. The 
sheet is then to be folded, so as to bring the coated snrfaces together, and 
several placed in a pile between two boards, and dried ander a moderate 
pressare ; the loose emery may afterwards be shaken off. 

[10] Standards of measure are an important part of physical appa- 
ratns, and the experimenter shoald be provided with those in common 
nse, so that descriptions of foreign instrnments may be nnderstood, withont 
the labor of redacing them to the more familiär nnit. Obtain, if possible, 
a slender stick of apple-tree wood, which has been cnt a long time ; fashion 
it into a bar, half an inch sqnare, and a meter in length. The ends 
mnst be cat exactly sqaare, which may be done with a file. Lay off on 
this bar the length of a yard, by an official Standard, noting the tempera- 
tare, which, however, has little inflnence on wood, and divido it into inches. 
In this way a scale can be obtained whose accnracy may be relied on, at 
least within known limits, which is not the case with those parchased, even 
when officially stamped. The lines or the other snbdivision of the inch 
may be marked off b} means of a paper scale. For ordinary nse, a 
tape Hne or wooden measnre, whose accnracy has been tested, is good 
enongh. 
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[11] On the other tbree sides of the bar mark three other scales, their 
length baving first been ascertained bj calcnlation, and tben sabdivided. 
The gradaation mast be regnlated and controlled as mach as possible bj 
calcalation of subdiTisions, so as to make the varioas scales Fig. 10. 
harmonize with each other. A meter, divided into centi- 
meters, shonld hj all means be among the namber. 

The Yemier is indispensable in making small measnre- 
ments, and its ose shonld therefore be clearly explained to 
a class. As those in actnaJ nse are generali^ small, and 
therefore nnsnited to illnstration, it will be better to con- 
stmct one on a large scale, from fonr to siz feet long, fig. 
10. If the wood be light colored, and the divisions well 
blackened, the ose of the Yemier may be explained to a 
whole class at once. 

[12] Measures of capadty.— Morc accnrate meas- 
nres than those in dailj nse will not often be reqaired, and 
when necessarj, it will be best to emploj the corresponding 
weights. If, however, thej be reallj reqnired, then they 
shonld be made of metal, and cylindrical, preserving the 
proper leg^ proportion between diameter and height The ezact ganging 
of snch measures presents many difficnities, when they are reqnired to be 
filled to the brim. If this be not the case, and it never is so in physical 
experiments, one can gradaate any glass vessel for himself, by ponring into 
it the proper weight of water. A glass tube of one-half to one inch 
diameter, which has been a^jnsted and gradnated into cnbic centimeters 
by saccessiye additions of one gramme of water, will be foand yery con- 
venient in many experiments. The divisions may be made with the dia- 
mond, and shonld correspond with the horizontal snrface of the water, 
and not its elevated margin. They may also be etched in, according to 
the directions given in the following chapter. 
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CHAPTER IL 

ON GLASS WORKINO. 

[13] As it is rare to find in small towns anj one who can work glass, 
thiB generallj deyolyes upon the physicist; it is therefore described more 
minatelj than other mechanical Operations. 

[14] Emery is a very nsefal material in working glass; it is, therefore, 
well to describe the mode of preparing it Commereial emery is not 
generally well assorted ; the finest dnst is mixed with coarse grains, from 
which it mnst be separated by levigation. The commercial emery is 
stirred briskly, with ten times its weight of water, without giving it a 
rotary motion, and the water instantly ponred off from the Sediment into 
another yessel; from thisressel, after standing from three to fonr minntes, 
it is ponred into a third, in which the emery is allowed to subside — or, 
after standing from five to ten minntes, it is ponred into another yessel. 
Three or fonr sorts of emery, yarying in fineness, are obtained in this way, 
the coarsest of which is often adnlterated with sand, and the yarions 
grades are dried and preseryed separately. 

[15] Grindlng and boring glaÄS.— The occasions for grind- 
ing glass in physical experimentation are yery nnmerons. The rongh 
grinding is done on a fiat cast-iron plate, with qnartz sand or coarse 
emery and water; and the article is gronnd smooth on an old piece of 
plate glass with yery fine emery and water. The plates which are nsed 
for this pnrpose, especially the glass plates, do not last long; they soon 
become concaye. They may, howeyer, be gronnd eyen again npon each 
other ; yery good cast-iron plates may be had for this pnrpose from the 
machine-shops, bnt they shonld be reseryed for the finishing tonches. In 
case the glass plate of the air-pnmp shonld be broken, a piece of mirror 
glass, of the proper thickuess, shonld be cnt ronnd, the edges gronnd off, 
and the hole bored throngh the center, by a copper coin fixed to a piece 
of wood in the lathe, with emery and oil. With a little patience, an 
angnlar plate of glass may be rounded on a common grindstone. Holes 
may be bored in glass with ease and rapidity by means of an iron, or, 
better still, a copper ring half a line thick, secured to a wooden chack so 
as to be concentric with the spindle of the lathe : a piece of cork, corre- 
sponding in size to the inner diameter of the ring, is cemented to the glass 
(26) 
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as a gaide. The lathe mast be set in rapid motion, and a thin paste of 
emery and oil constantlj applied; a ronnd piece of glass will thns be cnt 
out. Lenses are cnt ont of thick glass in the same way. 

When the glass is nearly cnt throngh, a smooth piece of hard wood 
mnst be pressed against it, opposite the ring, and as soon as the lathe cnts 
throngh in a single spot, the applicatton of emery shonld cease; at least, 
when the plate is thin. It is very difficnlt to avoid splintering the edges of 
such holes. The best mode of preventing it, is by boring from both sides 
toward the middle. Holes in glass may be enlarged by means of a conical 
block of wood smeared with emery and water. When the piece of glass 
is of such shape that it can be fixed on the lathe, a circnlar groore may 
be cnt ont with a graver, moistened with tnrpentine, while the lathe is tnmed 
slowly. Holes from one to two Unes in diameter may be bored with a 
copper drill, and those of less size with a three-comered pointedsteel drill, 
moistened with oil of tnrpentine. The watchmaker's drill-bow is very 
convenient for this pnrpose. The pressure must be yery gentle when the 
point of the drill comes throngh. Holes may be bored by band, with al- 
most any hard tool moistened with oil of tnrpentine, nearly as fast as on 
a lathe. A dnll snrface is giyen to a glass plate most readily by grinding 
it on another glass plate with emery and water; if the plates be even, 
the finest emery may be nsed at once. Orinding crystals, for optieal pnr- 
poses, will be described in the chapter on optlcs. 

[16] Orinding glass stoppers.— Althongh bottles with glass 
Stoppers may be had almost anywhere, there is seldom care enongh taken 
to render them air-tight If the stopper needs but little alteration, it 
shonld be gronnd by band, with emery and water ; if it be very irregulär, 
it shonld be fixed to the lathe, and coarse emery and qoartz sand nsed at 
first. In both cases, the stopper mnst haye not only a rotary, but a 
longitudinal motion. It is seldom worth while to take mnch tronble with 
a stopper that fits very badly, but it sometimes may be necessary, and may 
be done most easily by making a copper plng the size of the stopper, and 
grinding out the neck of the bottle with it. When a stopper sticks tight, 
too mnch force shonld not be applied to it; it is better to heat it gently 
orer a spirit-lamp, and then try to turn the stopper : if not snccessful the 
first time, let the bottle cool, and heat it again more highly. Care must 
be taken to hold the bottle so that the contents shall notbe spilled in case 
it breaks. A drawer shonld be appropriated for preserving all odd stop- 
pers, which will come into play for many pnrposes. 

[IT] Cutting glass. — It is often necessary to cnt off glass tubes, 
rods, or cylindrical vessels. Tubes not orer i to | inch thick may be 
broken easily, by making a notch in one side with a three-comered file, 
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and then placing both thamb-nails opposite the notcb, and bendlng the 
tube slowlj ontward. Thicker tabes mast be cut all aronnd wlth a file 
dipped in spirits of turpentine; or a red-hot iron maj be drawn aronnd 
tbe place, and water dropped on tbe heated snrface. An iron ring is best 
adapted to this pnrpose, and shonld be held bj a second person, who also 
holds water in readiness. A crack maj be led in any direction, bj placing a 
bot iron on tbe glass jnst before it, and drawing it in tbe required direction. 
The foUowing method is better for cylindrical yessels : Tie a flattened 
roll of paper on each side of the spot wbere the glass is to be cnt off, 
leaving a free space between them less tban a line in width, forming a 
Channel between the two folds. Take a fine, tightlj twisted cord, long 
enongh to go aronnd tbe yessel, and leave two or three feet over, after 
being wonnd aronild the band once or twice at each end ; two persons now 
hold the yessel firmly against the table with one band, and with the other 
draw the cord back and forth in the Channel between the papers. The 
glass soon becomes so highly heated that the cord takes fire and bnrns 
off; water is then thrown on the heated spot The glass generally cracks 
_. off very evenly, and the more 

^' so, the narrower the Channel in 

which the cord moyed. Instead 
of the folds of paper, Mohr nses 
the wooden instmment, fig. 11. 
It is screwed to the table, and 
each Operator holds one end of 
the glass, while the cord is drawn 
backward and forward throngh 
the slit in the wood. 

When the glass has already a 
crack, or one can be started from 
an edge, tbe heat can be applied 
more conveniently with little 
cylinders of charcoal. These 
coals are prepared in the fol- 
lowing way : 60 grains of gnm 
tragacanth are dissolved in 
snfficient water to make fonr 
liqnid onnces of mucilage ; 30 
grains pnlverized gnm benzoin are then dissolved in the smallest possible 
qnantity of spirits of wine ; the two solntions are then mixed in a mortar, 
with enongh pnlyerized and sifbed beechwood charcoal to form a plastic 
mass — a little softer tban pill mass is generally made. Cylinders, from 
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l of an inch thick and 3 or 4 inches long, are rolled ont of this mass, 
ander yerj gentle pressure, and dried slowlj. These cylinders, when 
ignited, continne to bnrn of themselyes with a pointed end ; the coal is 
osed, bj holding it at the end of the crack, and drawing it slowlj, with- 
ont pressure, in the desired direction. It is well to mark the direction 
which the crack is io take, with chalk or ink ; the coal mast be freqaently 
tumed and blown, as the cooling action of the glass eztingaishes it 
where thej are in contact. When the crack approaches within a Une of 
the starting-point, it will follow the coal no longer, and the rest mnst be 
broken off. 

When the glass is not alreadj cracked, a crack maj generally be made 
bj notehing the edge with a file, and then holding the coal, kept in lively 
combnstion bj blowing npon it, against the notch. A thin cylinder of 
glass maj thus be cnt into a spiral ribbon, which is tolerablj elastic. In 
the same waj pieces of any shape maj be cnt ont of flat glass. The ine- 
qualities which are left on the edge of the glass maj be removed with the 
copper emery-wheel, or hj grinding on sandstone ; the smaller ones can 
be removed with a file, moistened with resinons oll of tarpentine, or a 
solntion of camphor in tarpentine. Little pieces may easily be broken off 
with a pair of flat nippers, and ronnd plates may be cnt oat of window 
glass in this way. 

[18] GlaSS-blowing. — Scarcely any Operation is more freqnently 
necessary than blowing glass ; and skillfnl workmen are only to be fonnd 
in large towns. Even when a gla«s-blower is qnite near at band, it is veiy 
inconvenient to call in his assistance on every slight occasion, and some 
dexterity in this art is therefore indispensable. 

[19] Construction of the blast-table.— It is desirable to have 
if possible, a separate table for this pnrpose ; bat if this be not possible, 
the whole apparatns may be arranged in a box, which can be placed on 
any low table daring nse, and afterwards removed. The bellows shoold 
be made to rise vertically, so as to contain more wind, and both the 
npper and lower parts have a Single fold, which may be made of wood. 
Neither part reqoires more than two inches play; it is better to in- 
crease the blast by increasing the sarface, which need not in any case 
exceed 1^ or 2 sqaare feet More weight is required, in proportion, 
to obtain the same pressure with a greater sarface ; bat beliows which 
rise vertically, i.e, have no hinge in the upper part, have an unsteady 
motion when they rise high, especially when the cheeks are made entirely 
of leather; they require then to work in guides, which is very incon- 
venient. 

The following directions are given, in case it should be necessary to con- 
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stnict sach a hello ws for one's seif. The mlddle board, fig. 12, is made 
of half-inch stufif, from 1^ to 2 feet long, and one foot wide. It has two 
Square openings for the valves, two inches long, one inch wide, and one 
inch apart It is better to have two valves than one of double the size. 

Fig. 12. 




In one of the long sides, a hole, a, one-qnarter inch wide and one inch 
deep, is made, connecting with a wide opening, b, in the top of the board, 
to receive the pipe. The board is covered on both sides with stout paper 
or old parchment The valves are made of wood, a little thicker than the 
eombined thickness of the cheeks when folded together, so that they will 
be pressed down bj the top board, when the bellows is not in nse. Instead 
of a Single board, the valves may be made of strips, one-half an inch wide, 
tacked close together, upon the valve leather; all warping is thus pre- 
vented. The valves extend half an inch beyond the opening, all around, 
except on the hinge side, and are faced with a piece of sheepskin, glued 
on with the hair side ontward. They mnst be pressed between boards, and 
left to dry, so that the leather may remain smooth. The leather projects 
on one side, to serve as a hinge. Fig. 13 shows snch a valve, made of 

Fig. 13. 




slips, in Position. The valves are prevented from rising high enough to 
fall over, backward, by a narrow strip of leather, which mnst not be long 
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enongh to fall ander the yalre. The cheeks are best made of thin boards, 
covered with paper or pasteboard, and so a^justed that, when closed, 
the Corners do not come qaite together, as is seen in fig. 12. They are 
connected hj pieces of sheepskin, glned on bj the flesh side ; the corner 
Strips mnst be wide enongh to allow the cheeks to open freelj. The 
cheeks are connected in the same waj, with the middle and npper boards, 
and it is weil to connect the two latter bj strips of leather, to prevent the 
cheeks trom ezpanding to qnite their fnll extent 

The bottom board is made a Utile smaller than the top board, to 
afford room for the hinge. The cheeks of the lower part are best made 
of Strips of good bnff leather, two inches wide, nailed to the boards, and 
joined at the edges by glning on narrow strips of the same The lower 
valves are exactly similar to those already described. If the hello ws can 
be had irom an organ-bnilder, it is better not to attempt to make one at 
home. Fig. 14 shows the bellows ezpanded. 



Fig. 14. 




The table shonld be 
three feet high, and the 
bellows hang immedi- 
ately beneath the top, 
so that there will be 
Space enongh for the 
operator's feet, below 
it. The top has a 
ledge projecting one- 
quarter of an inch all 
aronnd, fig. 15. The 
bellows is worked either by a lever fastened to the table and connected 
by a wire with a stirmp, or by a cord fastened to a projection on the lower 
board, and passing upward over a pulley, to the stirmp wire. The bellows 
is slid into a groove cut on the inner side of the casing, and secnred by 
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Fig,U, 



a screw. The top of the table mnst be screwed fast to the casing, as it 
has to replace one of the sides. The conical «od of the wind pipe is 

stuck into the hole in the middle 
board, so that it cao be inelined to the 
table at anj angle. The length of 
the pipe depends on the height of the 
lamp. It is Tery convenient to ha?e 
a wooden rod projecting about an inch 
above the table, npon which one of the 
two slides, fig. 16, is fastened bj a bind- 
ing screw, in order to hold the nozzle in 
a fixed Position. The table may be 
made a little wider than the bellows, 
to admit a small drawer to hold the 
necessary instmments. 
The pressure reqnired for glass- 
blowing, with a small exit pipe, is about 1 J ounces to the square inch. 
An old iron plate is the most convenient weight. For larger Operations, 
where the exit pipe is wider, the pressure must be increased ; in this case, 
the bellows is always kept füll, and any reqnired pressure applied by the 
foot. 

[20] The Lamp. — This is made of tinned iron, narrow in the direc- 
tion of the blast, and the wick set near the end. It is best to fit it with 
a tube, in which a solid wick can be screwed np and down, figs. 17 and 18. 
The tube must of course be slit, to admit the oil. The movement of the 
wick is effected very simply, as is shown in figs. 19 and 20, where the 




Fig, 17. 



Fig, 20. 




wick is inserted in the collar, a, the stem of which passes out through 
the slit in the tube, fig. 20. Through this stem, which is of tin, the deep 
threaded screw, c, d, passes. Two strips of tin, soldered to the tube. 
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fbrnish the points of snpport for the screw, and an ezcayation ig made in 
the table, to receive the part of the tnbe whieh projectB below the lamp. 
This admits of a longer wick, withont allowing the oil to sink so low, as 
it most in a deep lamp. If a little hole be made in the side of the head 
of the screw, it can be easily and rapidlj tnrned hj means of a pin or 
wire, when it grows bot. 

A simple ttrrangement of the lamp is shown in figs. 21 and 22, where 
the wick is merelj laid in a tnbe, and is prevented from bnrning too far 
back by the plate, fig. 23, which is pnshed forward on the top of the 
lamp, toward the wick. 



Fig. 21. 




Fig, 22. 



Fig. 23. 





Fig, 24. 



It is well to place the lamp on a sheet of tin abont a foot sqnare, 
tnrned np at the edges ; it saves the table from being bnmed, as one is 
often compelled to laj down hot pieces of glass. 

[21] Oil is osed as the combnstible, and 
cannot well be replaced bj anjthing eise, 
when a hot flamc is reqaired. The wick is 
made of cotton, loosely twisted together. 
For the cylindrical wicks, take the wicks 
woren for argand bnrners, and fill them 
with loosely twisted cotton. 

When a Tery hot fire is needed, it is a 
good plan to fasten a round piece of beech- 
wood coal, between four wires, stuck in a 
board, fig. 24, with the crown toward the 
flame ; the radiant heat of the bnrning coal 
increases the eflFect very greatly. For the 
same reason, it is not good to tum the wick 
nezt the Operator, and let the flame pass over the lamp, apart from the 
inconyenience of such a position. 

Oil, when exposed for some time to the air, becomes resinons, which 
makes its use very inconvenient for the physicist, who often does not 
reqnire bis lamp for months together. In this case, the spirit-lamp, with 
a thick round wick, is preferable. If the wick be made about ^ inch 
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Fig. 25. 



Fig.^n. 



thick, it affords sufficient heat to bend large glass tobes, blow thermometer 
bulbs, etc., especiallj with the aid of the piece of charcoal jast mentioned. 
A lamp with double draaght, like the argand lamps, is more effective than 
the common spirit-Iamp. The nozzle is fitted bj a cork to the inner tabe, 
and the flame driven np verticallj. The space between the cylinders 
should be large enongh to receive several cylindrical wicks, fitted one 
within the other. 

[22] The nozzle mast be l^to 2 lines wide in the clear, and contracted 
toward the end, where it maj be closed by a small plate, in the middle of 
wbich an apertnre is bored. This shonld be 1 to 1^ millimeters in diam- 
eter, and when a streng blast is reqnired, may be as wide as 3 millimeters, 

fig. 25. When it is reqaired to heat only 
^' ^^- a small spot, a smaller nozzle, with an 

I apertnre ^ to 1 millimeter wide, ^^, 26, is 

^^^""^^ ~~g necessary, and is stnck on the larger one. 
^^BHH Both shonld be hard soldered. [Nozzles 
J made of stout glass tnbe, drawn out fine at 
the end, answer yery well, only they are liable 
to break, and must be frequently renewed. — 
Trans. ] The wind pipe may be of lead. It 
is convenient, but not necessary, to haye a 
stop-cock in the tube, by which the strength 
of the blast can be regulated at pleasure. 

As the whole flame of an oil-lamp is never 
impelied before the blast, but a part always 
burns upward, Mohr leads the air first, by a 
beut copper tube, through this part of the 
flame, so a« to blow hot air into the flame, 
and thus obtains a mueh higher heat. 

[23] Illuminating gas is the most con- 
venient combustible for glass blowing, as the 
flame may be completelycontroUed by a stop- 
cock, never smokes, and requires 
Fig. 28. no trimming. The only changc 
necessary, is in the bumer. A 
burner with an annular flame is 
best. Fig. 27 shows a yertical 
section of such a burner, half the 
natural size, and fig. 28, a section through the lines mn^op, It consists 
of two parts : a tnbe, a b, screwed at a into an outer tube which is connected 
with the gas pipe ; m n and o p are two disks to snpport the pipe a &, serra- 
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ted on their edges, so that tbe gas maj flow ont nniformly all arouod the 
borner, as in the argaod barners. The outer tnbe is enlarged at c, and fits 
tightly oTer the disks m n and o p, so that the gas can only pass throngh 
the openings. The space between the sides of the two tubes, at the month, 
need not be wider than from ^ to ^ of a millimeter. It shonld be made 
still less at first, and enlarged by grinding the ends of the tnbes, until 
the opening is large enongh to deliver, nnder the diminished pressure in 
the daytime, as mnch gas as the air from the bellows can completely bnrn, 
when the treadle is worked slowly. The flame is hottest when it bums 
blne. The stop-cock serves to regulate the flow of gas. The bnmer is 
connected with the gas pipe by the screw-cap g, which allows it to be 
inclined to the table at any reqnired angle. The most convenient direc- 
tion of the flame for most Operators, is a little inclined upward, bat many 
blow with a yertical flame. 

The wind is led throngh a lead pipe, npon which brass 
nozzles of varioas widths can be screwed, fig. 29. Wide 
apertnres mnst be from 1 to 2 centimeters behind the 
aperture for the gas, bnt the finer nozzles for small 
pointed flames shonld be pnshed up nearly to the end of the tnbe a b, 

The bnmer rests not directly on the table, bat on a board abont an 
inch thick, which projects over the edge of the table.* Figs. 30, 31, 
and 32 show the bnmer, and the connections in plan : and fig. 33, the 



Fig. 29. 




Fig, 30. 



Fig. 31. 




* [A yery neat and oonyenient blast-lamp, on this prinoiple, is made bj Ritohie, 
of Boston. The tubes slide upon a rod, on which thej can be fized at anj height. 
The bumer has also a horizontal and yertical motion, and the air passes through a 
balb, in which it may be heated by a spirit-lamp. The aboye lamp is also made 
after a modified pattern, so as to bring into seryice simultaneously an assemblage 
of jets.— TVaiM.] 
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whole blow-pipe table, with the gas pipes. [If the connections be made 
with elastic tabing, which is mach cheaper than the joints described, the 

Fig. 38. 
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Flg, 34. 




table may be moved from its place. — 2Van«.] The wind pipe goes from 
the middle board of the bellows to the block which sapports the burner, 
and tbe Utile lead tnbes which carry the nozzles are inserted in this board. 

[24] The Eolipile. — If one is not disposed to incnr the expense 
of a regulär blast apparatos, the eolipile, shown in fig. 34, in half the 
natural size, will answer many purposes, 
and can be made at small expense by any 
ordinary coppersmith. It consists of a 
cnp with donble sides ; the exterior cylin- 
der, which is closed air tight, is filled with 
weak spirits of wine, (40 to 50 per cent.,) 
through the opening a, which is closed 
with a cork; the inner cylinder is filled 
up to the level of the jet with streng 
spirits. The latter is ignited, which 
canses the spirits within to boil yiolently, and the vapor, escaping throagh 
the tabe &, gives a very hot flame. The inner cylinder may be closed by 
a tightly fitting coyer. 

[25] The soldering lamp of the tinners is more conrenient, becanse 
the parts can be separated and kept in better order, and the flame is 
horizontal. Fig. 35 represents one, ^ or ^ the natural size. The sheet- 
iron cylinder M N has an iron ring soldered to 
the bottom, to mark the proper position of the 
spirit-lamp; near the top is a row of small 
holes. On the top of the cylinder is set a 
streng cup made of hammered metal, which 
has an opening for spirits, closed by a screw or 
cork, and a beut tube. A slit is made in the 
back of the cylinder for the reception of the 
tube, and a sufficient space left open in the 
front for the exit of the flame. The end of 
the tube, which has an aperture 1 millimeter 
Wide, reaches nearly to the flame of the lamp, 
half way between the wick and the bottom of 
the cup h. This cup is shown in fig. 36. If 
the opening be closed with a cork, it will serve 
as a safty-valve. I have, howerer, never heard 
of the explosion of such a lamp, though they are 
often in the hands of yery careless workmen. 
The lamp is filled in the same way as the last. 

[26] The only other apparatus necessary for glass blowing is a pair 



Fig. 35. 
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Fig, 36. 
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of Sharp scissors for trimming the wick, a three^ornered EDglish file for 
catting glass tubes, e pair of flat pliers mth narrow jaws, aod Bome small 
iroD Fods. 

[27] The mode of catting off glass tubes and rods haa alreadj been 
described in § I?. 

[28] The glass shonld be in the form of tabes, and care shonld be 
taken to select such as are of uniform thickness, free from stri» and 
warts. Glass containing lead shonld be rejeeted if possible, for thoogh 
easilj fnsed, 4t is apt to blacken from the redncüon of the lead. The 
French soda glass is especially adapted to glass blowing, being easily 
fnsible, and free from lead. Suitable glass maj be obtained from almoat 
anj dealer in ehemical apparatns. It maj be observed in general, that 
all sorts of glass become, by continned heating, crystalline and lese 
fnslble. 

[29] The first reqnisite in glass blowing, is to obtain a good flame» and 
the experimenter may be assnred that he can do nothing nntil this is 
accomplished. As this depends npon the movement of the nozzle, a 
hair's-breadth either way, it is, like the whole art of glass blowing, a 
matter only to be obtained by practice; bnt the foUowing directions 
may serve as a gnide. The wiek shonld be raised, so as to give a 
flame 3 or 4 inches high, and separated with the scissors into two 
parts, so as to leaye a passage for the air throngh the middle. It 
mnst then be trimmed perfectly flat, and all projecting, mgged threads 
carefhlly removed. The nozzle is inserted a little below the level of the 
wick, between the two parts; it mnst projeet a short distance into the 
flame for a qniet, pointed flame, and be drawn back abont a line, when a 
large roaring flame is reqnired. 

[Having once obtained a good flame, the gpreatest care shonld be taken 
not to change, in the slightest degree, the relative position of the nozzle 
and the lamp. — Trans.^ The flame shonld be directed rather a little npward 
than downward; it shonld bnm with a faint blne light, deposit no soot, 
and be over two inches in length. When large objects are to be heated 
nniformly, a broad, roaring flame is reqnired, which is obtained by placing 
the jet a little behind the wick. 

The glass mnst be perfectly free from moistnre ; breathing into the tnbes 
before they are heated mnst therefore be carefnlly aroided. The Condensed 
moistnre, Coming into contact with a highly heated spot, is snre to crack 
the glass. The glass shonld be held abont f the length of the flame from 
the wick; large and thick pieces are apt to snap if snddenly heated ; they 
shonld therefore be first warmed in the flame withont blowing at all, and 
then yery gradnally heated where the soot is thickest. Dnring the heating. 
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the glass mast be constantlj tarned, that it may be heated on all sides 
alike; some practice and care are necessary when the glass is held with 
both hands, to tarn both ends with eqnal rapidity, otherwise it will be 
twisted into a spiral form, as soon as it begins to soften. When the 
Operation is finished, the glass mast not be withdrawn from the flame too 
snddenly, eise it is apt to crack, especially when it is of irregnlar thick- 
ness. [It is a good plan to allow it to become thickly coTered with soot, 
which protects it from the eooling action of the air. — Trans,'} When two 
different kinds of glass have been fnsed together, the work generally 
craeks, in spite of all precantion ; it is therefore best to keep the differ- 
ent sorts separate. 

[30] Only those Operations can be deseribed here which oecnr freqnently 
and are the basis of all others. The making of special apparatns, sach as 
areometers, etc., shoald be lefb to the professional glass-blower. The 
following Operations find place here : (a) widening and contracting the 
end of tnbes ; (b) drawing ont and thickening glass ; (c) sealing the ends 
' of tubes ; (d) bending tnbes ; (e) blowing bulbs ; (/) joining tnbes. 
Some special Operations will be mentioned in their proper places. 

(a) Glass tnbes, when cat off, have a sharp edge, which is apt to cnt 
the fiDger, and is easily broken. The extreme end is therefore heated 
with a pointed fiame, tili the edge fases roand, by which also the opening 
is apt to contract a little, which is an advantage when the tnbe is to be 
passed throngh a cork. This Operation can be performed on thin tnbes, 
over the flame of the spirit-lamp, with the month blow*pipe. If the 
size of the opening is reqnired to remain anchanged, or to be enlarged, it 
mnst be strongly heated while tnming rapidly, and flared ontward with an 
iron rod, while still in the flame ; it is then allowed to shrink again to the 
reqnired size, tarning rapidly all the while. 

(b) Dravnng ovt, narrowing, and thickening glass tubes. Glass tnbes 
are drawn ont thin, by holding them horizontally with both hands, and 
heating a considerable breadth while tnming rapidly ; the glass is then 
removed from th« flame, and drawn ont saddenly. 

When the glass is very thin, it shonld be exposed to a very high heat, 
and allowed to shrink, by which the bore becomes smaller, and the glass 
thicker ; it may then be drawn ont to a fine point, and still be tolerably 
streng. To thicken the glass at any one spot, withont diminishing the 
bore of the tabe, the two ends mnst be gently pressed together while the 
glass is soft, and the tnbe blown ont to its original size. This requires a 
high heat, and the tnbe mnst be tnmed constantly. 

(c) To close the end of a tnbe, it is heated, and the sides pressed 
together with a glass rod; the rod is then heated also, and stnck to the 
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end of the tabe, aod the excess of glaas drawn oat in the flame to a fine 
thread. It may be necessary to repeat thiB two or three times, before the 
excess of glass is removed. The end is theo blown oat round, before the 
glass is thickened too mach, and then reheated to thicken it, and blown 
oat to the proper size. [A knob of thickened glass, once formed on the 
end of the tube, can only be remoFed by drawing it off with a glass rod. — 
Trans.'] When the tube is to be cut off and then closed, draw it out to a 
point at the proper place, and treat it as jast described. Capillary tubes 
can be closed by simply heating the end. 

(d) Bending tubes is an Operation of constant occurrence. Thin tubes 
may be bent in the flame of a spirit-lamp. A well-bent tube most have 
both limbs in the same plane, and be neither wrinkled on the concaye, nor 
flattened on the convex side. This is best avoided by bending the tube in 
a gradual cunre, instead of a sharp angle. The inside of the curye shoald 
be kept hottest. Any flattened places may be blown oat again. To bend 
large tabes, fiU them with sand, and heat them over a charcoal fire. 

(e) Blowing bulba, Before blowing a bolb on the end of a tabe, the 
glass most be thickened at the spot It is easier to do this before the tube 
is cut off, and with wide tubes it must always be done first : the tube is 
then drawn out, and the end closed. The glass must be removed from the 
flame before pressing the ends together to thicken it, because this cannot 
be done while tuming the tube, and if it were held still, it would be heated 
uneqnally. If the glass be too highly heated, it is apt to wrinkle ; it is 
therefore better to repeat the Operation several times, having thickened 
the glass for a short distance, to go over it again and again, until a pear- 
shaped accumulation of glass is formed. A good bulb can never be blown 

on glass which is once wrinkled, as seen in fig. 37. Narrow 
Fig. 87. tubes may be closed by simply heating them highly, and 
blowing gently into them from time to time, to prevent their 
closing up too far from the end. Yery narrow tubes are 
sometimes closed at both ends, and warmed slightly through- 
out their whole length, that the expansion of the inclosed 
air may keep them from closing during the process of thick- 
ening. 

When the glass is thick enough, bring it to a white heat 
while tuming rapidly ; then take the end in the month, hold 
the tube down ward and blow gently into it, continuing the 
rotation. In this way the mass of glass will be more uniformly distributed. 
Heat the glass again and blow it out to the required size, gently at first, 
and with more force as the glass cools. If the Operator blows too forci- 
bly at first, the bulb is apt to swell out so large as to become very thin, 
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and borst The film of glass formed in this way often exhibits Newton's 
rings beaatifnlly. This precaution will probably be snperflaons in the 
beginning, for the learner will not obtain heat enongh to blow the bnlb 
eyen to the reqnired size. 

To blow the large bnlbs mentioned in the experiments with the air- 
pnmp, [see fig. 167»] take a tube Ij^ to 8 lines in diameter, and, alter 
thickening, draw it out at both ends, as in fig. 38. Then close one end 
and blow out the bnlb very thin. After cooling, hold one side 
in the flame to flatten it, and then draw out the tube very fine 
close to the bnlb, and cut it off. When the bnlb is quite cool, 
introdnce this point into the pointed flame, and seal it qnickly 
withont warming the bulb, so as to expand the indosed air. 
Glass bombs are managed in the same way, except that they 
are left round, and after cntting them off, they are held in a 
pair of tongs made of thin wire, fig. 89, heated pretty highly, 
but not enough to soften the glass, 
and the fine point then sealed. ^9- 3^* 

For bulbs with a hook, such as ^_^^ 
are used in experiments on specific 
grayity, [see fig. 140,] the glass _ 
mnstbe made thicker, to give them C_^*^ 
strength. The neck between the 

bnlb and the tube must not be drawn out at once, but first be 
allowed to shrink and thicken, as it is to form the hook. After 
the neck is cut off, it is heated and beut into a hook, with an 
iron rod or a pair of small pliers. 

(/) ^^ j<>^^ ^'^^ tub€8, the ends of both must be made of the same 
size by widening the narrow one, or contracting the wider. Tbeir edges 
must be even, and fit together well. Hold the edges together, as shown 
in fig. 40, and heat them with a 
pointed flame. When they are i^- 40. 

onited all around, heat the Joint 
highly and blow gently in at one 
end to swell out the Joint a little. 
Then heat it again until the swelling sinks in ; blow it out agatn, and 
repeat this process until the. Joint is smooth, and both pieces well fhsed 
into each other. Contract it finally to the proper size, and draw it out» 
or thicken it if necessary. Without this repeated heating and blowiog 
out, the tubes are apt to crack at the Joint upon cooling. 

(g) Opening biUbs and tubes, It is often necessary to make an open 
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ing in the aide of a bnlb or tabe, as in fig. 41. To eifect this» heat 
a thermometer tnbe and stick it to the glass, then heat the spot moder- 
ately and draw it out to a point Break off this point and round the 
edges with a pointed flame. Beg^Iate the 
size of the opening with an iron rod, and 
strengthen the edge, if necessary, by laying^ a 
thread of glass aroond it. This may be done 
by making a slender pointed rod red hot» 
attaching the point to the edge of the glass, 
heating the part nezt the point, and gradnallj 
drawing it out to a thread, which is laid aroond 
the edge. 1 1 may af terwards be more thoroughlj 
united with the edge. Instead of drawing ont 
the bulb with a rod, the spot may be heated 
with a pointed flame, and a small knob blown 
out upon it ; repeat this several times, and at 
length blow it ont so suddenly as to burst it 
If the bulb or tube is to haye only a flne opening in the side, the spot 
may be heated with the pointed flame, and burst at once, and the opening 
subseqnently modified by heating it. If merely an opening is needed, 
without an elevated margin, the hole may be bored as described in § 15, 
or with a diamond, if the glass be thick enough. 

[31] Cutting glass with a diamond requires only a little practiee 
in judging at what distance from the rule the craek will be made, whieh 
depends on the setting of the diamond. A clean cut is accompanied 
by no scratching noise, and makes no glass dnst. 

[82] Etohing glass. — The experimenter has frequent occasion to 
etch scales, etc. on glass. They cannot be done neatly with a diamond, 
and the glass is, moreoyer, apt to break at the Scratch. Glass is prepared 
for etching by being cleaned with lye, and then with pure water, and 
dried with a linen cloth. It is then covered with a thin coat of wax, 
melted and applied to the heated tnbe with a feather. Especial care 
mnst be taken to leave no part uncovered. The yamish used by the 
copper-plate engrayers is a better coating. It is made of 2 parts white 
was, 1 part mastic, ^ part asphaltum, and ^ part turpentine, kept melted 
for about half an honr, in a clean earthen pot, to allow the impurities to 
subside, and the upper part then poured into water. A ball of the com- 
Position, as large as an egg, is wrapped in a silk rag, and the heated tnbe 
mbbed with it When the yamish is cold, the scale is scratched throngh it 
with a Steel needle. The gradnation may be effected on a gradnating 
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machine, or, in the Bbsence of this, the Operator may make a scale on a 
Btrip of paper, paated od wood. With a stick, 2 to 3 feet long, he then 
makes a sort of dividers, by driWng two needles throngh the opposite 
ends, fastens the ecale and the glass to be gradaated at a snitable distanee 
from each other in a straight line, and, setting the point of one needle on 
one of the divisions, Scratches throagh the vamish with the other needle ; 
and so proceeds from one division to another, taking c&re to lay bare the 
glass at every stroke. The figores are easily added. Powdered flnor- 
spar is then laid in a leaden trongh of proper length, and moistened with 
an eqnal weight of oil of yitrioL The gradaated glass is laid immediately 
on it, or snspended at a distanee of abont 3 inches above it The rapors 
are confined by paper laid over the apparatns. The apparatas mnst bo 
placed nnder a chimney with a good dranght, so that the yapors may be 
carried away from the Operator, /or they are very injuriou». Althongh 
the gas will be evolyed at the ordinary temperature of the air, it takes 
place yery slowly ; it is therefore better to warm the trongh gently. The 
Scale is allowed to remain in the white yapors nntil the glistening diyisiona 
appear doli, (abont three minntes,) alter which the coating is remoyed by 
warming the glass, and wiping it with paper and a little spirits of tar- 
pentine. 
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CHAPTER IIL 

WORKINQ IN METALS. 

[33] Copper and braJSS. — These metals need special treatment 
only when they are required to be very soft or very hard. In the first 
case, they have only to be heated to redness. Cooling them in water, 
instead of hardening them as it does steel, only makes them softer; it 
loosens the scale of oxyde moreover, especially from copper, and gives a 
bright metallic sorface. 

These metals are hardened by hammering, and very good Springs may 
be made of them in this way. Wire may be hardened by drawing it a few 
times throngh the drawing-plate. The experimenter will haye so freqnent 
occasion to draw wire for varions purposes, that it will be adrisable to 
obtain snch a plate. 

[34] Drawing wire. — The process of drawing wire is yery simple. 
The drawing-plate is held in the vice between plates of copper, and abont 
an inch of the end of the wire is filed small enough to pass throngh the 
next smaller hole. The wire is greased, and the projecting end seized 
with the pliers and drawn slowly throngh. After passing throngh several 
holes, the wire becomes hard, and mast be annealed before drawing it 
finer. 

[35] Iron and SteeL — Steel is, like glass, a more or less elastic 
body according to its treatment To make steel as hard as glass, heat it 
to bright redness if it be German steel, and plange it suddenly into very 
cold water : cast-steel shoald be heated only to a cherry red, and suddenly 
cooled. The scale of magnetic oxyde which forms in this process onght 
to drop off and leave the metal bright; bnt the steel may still be hard, 
even if this does not take place. Long pieces of steel are apt to warp 
in this process, and must be gronnd afterwards, to bring them to proper 
shape. The sarest, thoagh not an infallible, means to prevent warping, 
is to immerse the piece snddenly, with its longest dimension perpen- 
dicnlar to the water. It is difficnlt to harden large, and especially long 
pieces, becanse it reqnires a very large fire to heat them nniformly throagh- 
ont Thick pieces are apt to crack or break off in hardening. This is 
best obviated by plnnging them in water at 133^ F., which makes them 
hard enongh. 
(44) 
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It is seidom necessary to make steel as hard as glass, so as to be britüo, 
bat it is not in our power to temper it properly at once. The metsl 
baths which are prescribed for this pnrpose may certainly be dispensed 
with. On the other band, however, steel which has been made yery 
hard may easily be softened to any reqaired degree, by cleaning its 
surface, and heating it antil it assames saccessively yellow, pnrple, blne, 
and gray tints. Gare must be taken to heat it nniformly ; pieces which 
are to be made eqaally hard throaghoat mnst, therefore, not be held in 
the tongs, bat heated on a tray. Tools of all kinds, for catting metal, 
shoald only be allowed to become yellow; instraments for catting wood, 
which haye a thin edge, pnrple red; Springs which haye not mach motion, 
blae; very large Springs, gray. Springs which are required to have 
mach motion, are bamt with grease, i,e, they are rabbed with grease, and 
heated antil it barns, after which they are, like all the rest, plnnged into 
cold water. 

Drills, tarning chisels, etc. are less liable to break when hardened only 
near the edge. When the tool is so shaped that it cannot be groand, 
the edge shoald be cooled first, and the heat allowed to diffuse itself from 
the other part antil the edge has the right temper ; the whole tool is then 
planged into water. 

Cast-steel loses its yalae when heated beyond a bright cherry red, and 
cannot be freqaently exposed, even to a mach lower temperatare, withoat 
injury. Steel which has been spoiled in this way may be regenerated by 
heating it to dark redness, and cooling it in a mixtare of tarpentine, 
tallow, and fish oil, melted together. Repeated cooling in boiling water 
is Said to have the same effect: thick pieces mnst always be treated 
repeatedly. Steel regenerated in this way is hardened as nsaal. 

Steel and iron have often to be made very soft, which is done by heat- 
ing and allowing them to cool slowly ander a covering of charcoal. 
Iron may be coated with clay, and heated. It becomes extremely soft by 
being heated in any yessel, ander a cover of hammer scales. 

[36] Tool mäking. — Making tools is certainly not the bnsiness 
either of the teacher or of the amatear, and it is always better to bny 
such things, if possible, than to make them. Bnt among the most indis- 
pensable tools are some which it is often impossible to obtain, and the 
experimenter mast therefore make them himself, or send freqaently to 
the catler, and often take to him large pieces of apparatas. Some 
general directions for their manafactare will therefore be in place here. 

[37] Screw tools. — A plate for catting screws has already been 
mentioned in § 5, as one of the most necessary tools. Some taps for 
catting internal screws generally accompany it, bat they are asaally too 
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Short, and of little use. It is therefore better to make at once a namber 
of taps to sait the thread of the plate. The small end of each shoald 
be a little less in size than the large end of the nezt smaller one. The 
taps oaght not to be too tapering ; thej work better and are not so apt 
to break off when nearlj of the same thickness throughont The internal 
screws can also be cut more cjlindrical. Blender taps shonld not be made 
too long; siz times the diameter is a good length, and in this distance 
the diameter shonld increase bj the depth of a thread. It is common to 
make the first third more tapering than the rest. At the thicker end the 
thread is cnt away and the head made sqnare, to afford a better hold for 
the hand-yice. 

When the thread of the tap is nearly cnt, remove the ronghness with a 
smooth file, and then finish cntting the thread. File awaj the thread on 
fonr sides, except near the polnt, to giye the tap a better hold at the 
Start. Temper them straw yellow, and blne the head separately. 

To cnt an internal screw clean to the bottom, when it does not go 
through the nnt, reqnires a cjlindrical tap with few tnms. Fig. 42 shows 
a common screw tap. 

Fig. 42. 




After a screw-plate is bought, the first thing done with it shonld be to 

make taps designed to cnt new dies when the old ones are worn ont, and 

nsed for no other pnrpose. These taps onght, properly, to exceed in 

thickness the screws cnt bj the plate bj twice the depth of a thread, bnt 

this is not rigidlj adhered to, for the proportion between the diameter of 

a screw and the depth and thickness of the thread maj vary within wide 

limits, withont rendering the screw nseless. A screw is, however, gen- 

erally useless when the depth of the thread is not at least eqnal to its 

thickness, and when the ratio of the external diameter to the internal is 

less than ^^ 2 : 1 ; for in this case the thread cannot be filed 

Fig. 43. away on fonr sides of the tap, and consequently it cannot be 

^^^ nsed. In this case, the depth of the thread is abont \ of the 

^^^■jf diameter of the screw, and, except in special cases, it is not 

^^^ safe to go nnder ^ , where the screw has any considerable strain 

to bear. Oii large machines, screws will be fonnd where the ratio is \ of 

the external diameter; for such cases, the threads of the tap mnst be cnt 

off, as shown in figs. 43 and 44. 
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The reserre taps are made cjlindrical, and the threads are not filed 
away at the sides, bat foor spiral grooyes are cut in them, as seen in fig. 

Fig. 44. 




45. They are tarned off on two points, so tbat tbey can be put in the 
lathe again. Fig, 45. 




Thls Standard or reserve tap serves to make two other screw tools, 
which it is easy to bnj; bat it is very convenient to have them with the 
same thread as the plate. These are the chasers, one for cntting extemal, 
and the other for internal screws. Figs. 46 and 47 show a pair of these 
tools, which are easily made, 

Fig. 46. 



Fig. 47. 



if the reserve taps can be 
nsed for cntting them on the 
lathe. Snch tools are very 
convenient, becanse with 
them, threads can be cat 
rapidly, withont removing the 
work from the lathe, and with- 
ont regard to the thickness 
of the cylinder. The neces- 
sary skill is easily acquired, 
even with a lathe not far- 
nished with gnides, if the pre- 
cantion is taken to nse a steel 
snpport instead of one mounted with wood, which is otherwise better for 
tnming metals. 
[38] Cuttiiig Qxtemal and internal Screws is a simple 

Operation. For the former, care mnst be taken to give the cylinder barely 
the reqnired diameter, for the screw enlarges a little, and to hold the plate 
at right angles to the axis of the cylinder. If this be a little thicker 
than the hole in the plate, it does no great härm. The plate mnst be 
turned slowly at first, and pressed on steadily nntil one tarn is com- 
pleted, eise it may cnt a falso thread. The internal screws mnst be bored 
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out far enoagh to admit 3 or 4 tnrns of the tap, which is then screwed 
into the hole with a moderate pressure. In both cases, it is necessarj to 
diminish the friction in the part of the screw already formed by tarniog 
backward and forward. In cutting the extemal screw, care is necessary 
not to twist too forcibly, eise a slender screw might be twisted off. In 
forming the internal screw, it is necessary to bore at last from the oppo- 
site side in order to insnre nniformity in the thread ; bat this is not neces- 
sary if the thread is tnmed off for a snfficient distance from the top of 
the tap and the nut is not too thick. 

In cntting screws on iron and copper, oil mnst be plentifally employed. 
Brass is cnt dry. 

Screws with broad brass heads are often needed. For the heads of 

these, a sqnare piece may be cnt out of a brass plate 

Fig, 48. and fii^d round, or a disk cut off from a cylinder. The 

head is then pierced, and the shank tumed or filed 

down so as to fit tightly in the hole, driven in with 

a hammer and soldered with 

i^V(3f. 49. Fig.b(i, Fig, bh tin. The portion [a, fig. 

*^ y^-Y^ Jf 48] projecüng beyond the 

head serves to fix it in the 

lathe, or as a hold for the vice 

in cutting the screw ; it is at 

last filed off, and the head 

either finished with a file or 

on the lathe. The heads are 

generally milled, which is done 

with a milling tool. 

[39] Metal drills are 

made of cast-steel, which can 
be bought of any size. The 
smaller ones are made of 
round Steel, and hammercd 
broad at the end. The edge 
runs out to a point, so as to 
be set exactly on any desired 
spot The other end is squared 
to fit into the handle or the 
chuck of the lathe. Fig. 49 
shows a drill, with about the 
proper slope for the edge. 
The smaller drills, for holes 
of 1 millimeter and under. 
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are not nsed in the lathe, bnt set In a handle, snch as is shown in 
fig. 50, and tnrned bj means of a whalebone bow, fig. 51, the cord of 
vhich makeB one tnrn aronnd the wheel o. The point 6 is set in a depres- 
sion in the Wce, the piece to be bored pressed against the drill with the 
left band, and the bow moved np and down withont pressure. The band 
mnst be protected from being wonnded, by a piece of wood held opposite 
the point of the drill Thie makes the edge of the hole smoother than 
when the drill is allowed to break throngh. Large drills are made of 
round or sqnare steel hammered broad at the end. The edge is beveled 
in opposite directions on each side of the center, as seen in fig. 52, so as 

Fig, 52. jF^. 53. 




Fig.bi, 



to haye an oblique edge instead of a point The hole mnst be started for 
them with a conical drill. Drills of still larger size are usuallj made in 
shape of fig. 53. The edge is straight, and has a short, 
Square point in the middle. Such drills are used chieflj 
for boring shallow holes. 

In boring on the lathe, the drill may either be fixed 
to the chuck, and the objeet to be bored pressed against 
it, or the converse. The latter makes ronnder and more 
accurate holes. Cast-iron and brass are usually bored 
drj; copper moistened with oll. 

For deep holes, the so-called cannon drills are pre- 
ferable to all others. Thej are made by hammering out 
of a piece of round steel a shank of sufBcient length, 
tuming the rest of the cylinder accurately on a lathe, 
and then filing away one-half of it, and sharpening the 
end, as shown in fig. 54. The point is not made in the middle of the edge. 

4 
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Fig,55. 




Flg. 56. 




Larger drills are forged half round, and then turned. These drills cat 
very clean and straight, bat can onlj be nsed on the lathe wlth the piece 
to be bored revolving. The point not being in the middle, it is necessaiy 
to Start the hole, as seen in fig. 55, so that the drill fits into it accurately 
and the point does not cut at first. For drills less than a 
line Wide, this is not necessary, and the yeiy small onea to 
be nsed by band are shaped approximately with a file. 

The Reamer, fig. 56, is an almost indispensable In- 
stmment. Its conical head is cnt into concentric grooyes, 
and the sqnare end mnst fit into the lathe and the drill 
handle. 

[40] Other tools are easily made when needed. The 
Center drill is a nsefnl tool ; it is a cjlinder of steel 3 
inches long and ^ inch thick, sharpened to a point at an 
angle of 60°. It is nsed for marking the point where a 
hole is to be bored, and making a cavity in the ends of 
pieces to be tnrned, by which they are set in the lathe. 
Tuming tools for metal are easy to make. One end of a 
piece of cast-steel is tapered, to set it into a wooden 
the other filed to the'desired shape. Chisels for tum- 
ing brass are made with an obtuse 
^ edge, s, fig: 57 ; while such as are 
' intended to be used for iron, have a 
sharper edge, fashioned like s, fig. 58. 
[41] Soldering. — We distlnguish hard and soft solder; to the lat- 
ter belong the metals used for soldering which fuse below a red heat, 
such as tin, tinner's solder, (tin and lead in varying proportions,) and the 
same with the addition of bismuth. Hard solder includes silver solder, 
(siker alloyed with brass,) which may be had of varions degrees of fusi- 
bility from the silversmith, silver coin, (9 silver to 1 copper,) and varions 
fusible alloys of zinc and copper, and lastly copper itself. The last can 
only be nsed for soldering iron. 

All joints which are to be soldered, 
must fit as smoothly as possible, and 
both surfaces be scraped clean; they 
must also be held in close contact, 
either by wrapping them with fine 
binding wire, or holding them with a pair of forceps made of strong wire, 
fig. 59. 

If a piece is to be soldered several times, making it necessary to heat 
the old solder again, a softer solder must be used each time. 



handle, and 
Fig. 57. 



Fig,b%. 




Fig. 59. 
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[42] Soft Soldering. — ^A soldering iron is nsed for soft soldering. 
For onr parposes, a tolerablj thick, pointed iron set in a wooden handle 
in safficient. It is nsed in soldering pieces which are too large to be 
h^ated entirely, or in any case where only local heat is reqnired. The 
iron shonld be tinned before it is nsed. This is done by moistening it 
with the soldering fluid, heating it nntil a piece of tin melts on it and 
wiping it off with paper. In nsing the iron, it must be made very bot, 
wiped clean, and a little solder taken np on the point of it. The Joint 
mnst be strewn with a little powdered rosin. 

Soldering without the iron, by heating the whole metal, is a very sim- 
ple Operation. The Joint is moistened with the soldering fluid, and 
heated with a gas or spirit flame, nntil the solder laid on it melts. The 
solder draws quickly into the Joint and spreads throngh it. The excess, 
if any, is scraped away. Any soldering flnid remaining mnst be wiped 
off with a wet doth, otherwise it will oxydize the metal. 

The best soldering flnid is a solntion of sal ammoniac, or a mixtnre of 
Chlorides of zinc and ammoninm made by dissolving 32 parts of -zinc in 
the necessary qnantity of mnriatic acid, adding 22 parts of sal ammoniac, 
and evaporating the solntion to dryness. The salt is dissolved in water, 
and filtered. With this fluid it is hardly necessary to clean the surfaces 
to be soldered. 

In soldering brass and copper, the solder flows throngh as soon as it 
melts, and the color of the metal shows when this heat is attained. Iron 
requires to be heated higher before the solder will adhere. When objeets 
are to be soldered, therefore, which will not bear a high heat, the iron 
mnst first be tinned separately in the way described for the soldering iron. 

[43] For hard soldering small articles, silver solder or silver 
coin is best The latter is hammered to a thin plate and cut into pieces 
^ inch broad and ^ inch long. The cost is inconsiderable ; a quarter of 
a doUar goes a long way; and metals soldered with silver can be ham- 
mered and beut without. the Joint breaking, which is not always the case 
with brass solder. 

When the joints are well fitted together, cleaned, and fastened, they 
are moistened with water, some borax strewn over them, the bits of solder 
laid on the Joint and more borax sprinkled over them, or the bits of solder 
are mixed np in a paste with borax and a little water and applied so. 
The metal is heated slowly nntil the borax ceases to puff up, taking care 
that the silver remains in its place. It is often difficult to retain the silver 
on small articles, when ordinary borax is nsed; in this case, powered cal- 
cined borax is nsed without water. 

According to the size of the object, the flame of a spirit-lamp is either 
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Fig. 60. 



directed immediately npon it with a blow-pipe, or it is laid on a piece of 
charcoal, sarrounded on three sides with coal and covered with another 
piece. The flame of the lamp is theo directed 
npon it nntil the solder melts and adheres, 
after which the article, if it contain no iron, is 
immediately cooled in water. Practice in the 
ose of the blow-pipe is of conrse indispensable. 
A gas blast-lamp is very convenient for sol- 
dering. A bnrner is nsed for this pnrpose like 
the one described for glass blowing, but smaller ; 
it is shown of natural size in figs. 60 and 61. 
The opening for the escape of the gas mast 
only be a fine slit. The bnrner is connected 
with any gas pipe by means of a flexible hose. 
The air pipe is stuck tightly into the bumer, 
and reaches to the mouth of it. 




Fig. 61. 




With this burner, snfficient heat 
may be obtained to fuse a bead on 
copper wire 1 to 1^ millimeters 
thick, withont the aid of charcoal ; 
or the flame may be rednced to a 
mere point, and made to bear on 
the smallest spot The objects to 
be heated may be laid on the work- 
bench, and the flame brought to 
bear on them in any direction. 

When a greater heat is reqnired 
than can be obtained in this way, 
the articles to be heated must be 
laid on well ignited coals in the 
forge or a charcoal fnmace. The 
Joint to be soldered must always 
remain visible. Use the blast of 
the forge gently, and fan the coals 
briskly. Large articles are nsually 
brazed. In soldering brass, care 
must be taken that the metal itself 
does not partially fuse. This is not 
so much to be feared in the case of 
copper and iron. 
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VARIOUS OTHER OPBRATIONS. 

[44] Gluing. — Common glae ooly adheres to fresh sarfaces, which 
have not been glned before. 

Isinglass cement is worthy of special notice, being snitable for cement- 
ing glass, and for all other parposes where a strong cement is reqaired. 
It is prepared by catting Bnssian isinglass to shreds, and soaking 4 to 8 
parts of isinglass in 100 parts of water, for 24 hoars. The water is then 
gently boiled for half an honr, being filled np as it evaporates. It is 
filtered bot When more is prepared than is nsed, the thickened mass 
may be dried on paper, and boiled as before, when needed for nse. 

The teacher has, freqnently, in preparing diagrams, etc., to paint upon 
paper which is almost always water spotted. This difficulty may bo 
remedied by sizing the paper with thin glne-water, containing a little 
alnm. A Solution of 2 parts of isinglass (or 4 parts of the so-called 
gelatine) and 4 parts of alom, in 100 parts of water, is sufficiently 
thick. Stretch the paper, and apply the size with a bmsh or a small 
sponge. The surface shonld not appear glossy alter the size is dry. 

[45] Cementing. — Cementing with sealing-wax or shellac is a 
common Operation. The former is preferable, when the color is not 
objectionable, as being less brittle than pnre shellac. The pieces to 
be cemented must be warmed so that the cement will melt npon them. 
When both parts are snfficiently coated, they are warmed again to make 
the was cohere. If they are pnt together when yery hot, a crack may be 
cansed by their uneqnal expansion. This precantion is not always 
necessary, bat shonld never be omitted when glass tnbes are to be 
cemented into close-fitting metal sockets. The pieces mnst, of conrse, 
be held in place nntil the cement hardens, which may, withont injnry, be 
hastened by the application of water. Any excess of cement is after- 
wards removed with a knife. The closer the pieces fit together, and the 
less cement there is between the Joint, the stronger it will be. 

It is often necessary to cement metallic articles to a wooden chnck, to 
fix them in the lathe. Oommon sealing-wax is nsed for this pnrpose, and 
dropped, bnming, on the wood. The article is easily centered while the 

(63) 
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wax is still warm. It is well to be caatioas iu turning, to avoid heatin^ 
the metal so as to make it necessary to cement it afresh. 

To fasten cloth to metal, it is soaked in a dilate Solution of galls, 
sqneezed out, and pressed, still moist, npon the warm metal, which has 
been coated with glue. 

The joints of gas and steam apparatns, held together bj screws, mast 
often be made steam tight. The machinist's red-lead cement is the best 
for this parpose. It is made hj incorporating red-lead and litharge 
thoronghly, with linseed oil, ontil they form a soft plastic mass. It 
shonld be kept ander water. This cement is readily obtained from tbe 
machine-shops or gas-fitter's. Pntty answers the same parpose, if too 
mach chalk is not ased in it, instead of white-lead. If the parts are not 
to be very highly heated, a cement made of melted caontchoac and red- 
lead or white-lead is very serviceable. Parts which are not to be heated 
may be made close by laying strips of ynlcanized rabber between them. 

[46] Vamishillg« — Physical apparatas shoald generally be var- 
nished, both for its better presenration and for omament Yamish most, 
however, not be applied to everything, especially not to parts which are 
to be frequently handled. The varnish is soon rabbed oiT from such places, 
and they look worse than if they had been kept clean, without varnishing. 

Making the varnish. — Take 1 part of finely-broken shellac to 4 parts 
of strong alcohol (85 to 95 per cent.) and let it stand in a warm place, 
shaking it often, nntil the solntion is complete, which will reqnire about 
24 honrs. The addition of ^ to y'0 part of mastic renders the vamish 
less brittle. This addition is more necessary to bleached than to crnde 
shellac. It is well to take a little more resin, to make the yamish as 
thick as possible. 

To filter the vamish, which is often necessary, let it stand qnietly, in a 
warm place, antil the insolnble and slimy matters have subsided, then 
ponr off the clear liqnid, and filter the rest, hot, throngh coarse filter 
paper. The slimy mass filters very slowly, and mast be coyered with 
a glass plate, to retain the heat. The vamish shoald be kept in a wide- 
monthed bottle, with the brash stnck throngh the cork, or eise the brash 
mast be washed out wilh alcohol after asing it. A broad camels'-hair 
brash is ased for applying the vamish, or a piece of fine sponge fastened 
in a tin holder, like a brash, and cnt off so as to project only a few lines 
beyond the tin. 

Colored shellac varnish, especially a reddish sort called gold vamish, 
is needed for some pnrposes. The coloring resins may be dissolved at 
once with the shellac, bat, to avoid having so many varnish pots standing 
aboat, it is better to dissolve and filter the coloring matters separately. 
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and mix them with the Tarnish as reqaired. For onr purposes, a Solution 
of gamboge and another of dragoa's blood are all that are needed. 

To make varnish of sealing-wax, it is only neeessary to laj an ezcess 
of sealing-wax in alcohol, and, before nsing it, to shake it np. Bad sealing- 
waz makes bad yarniah, and good wax is expensire ; it is therefore better 
to add vermilion directly to a Solution of shellac, witli a good deal of 
mastio. It is well to add also aome oarbonate of magnesia, which does 
not iiyure the color mnch, and gires the yarnish more bodj. 

Black varnish is also needed sometimes; this is easilj made by mixlng 
fine lampblack with a Solution of shellac. A Solution of 1 part asphal- 
tam, in 3 parts spirits of turpentine, fumishes a good black coating, 
especially for objects which are to be heated. The tinners ramish sto?e- 
pipes with this, but they add linseed oil and red-lead to it. 

Varnishing metaU. — ^In varnishing metals, the yamish mnst either be 
applied immediately after tuming or filing, or eise they must be polished 
with pumice-stone and water, and then with emery and oil, taking care to 
make all the streaks parallel. This makes neater work; but after polish- 
ing, the articles mnst be washed with soapsuds, and wiped with a clean 
lineu cloth. The articles to be varnished shonld never be touched with 
the bare band, before applying the varnish. All metals should be heated 
over a coal fire, or on a heated sheet of iron, until the band can hardly 
be bome upon them, and the varnish then applied. 

The brush should be dipped into the varnish, not too deeply, and the 
Btrokes kept parallel to the streaks of the metal ; if the streak is made on 
the lathe, the varnish must also be applied on the lathe. In varnishing 
large articles, pressure on the brush must always be increased somewhat, 
toward the end of the stroke, in order to apply the varnish evenly. Tbe 
pieces must not be touched before they are quite cold. Several coats of 
shellac varnish may be applied, cold, to metals, but the varnish does not 
attain the same hardness or luster, and it is therefore applied so only 
when it is desirable to have a very thick coat of varnish, as, e.g., on 
electrical maohines, or where the object cannot be warmed again. 

Iron is seldom varnished, and only with bleached shellac ; unbleached 
shellac may be used for brass and copper ; it gives the brass a darker 
color; but bleached, with the addition of the coloring matters mentioned, 
is preferable. For white metals, such as lead, either bleached shellac is 
used, or unbleached, with the addition of resins to give it a gold color. 

The same varnish is used for wood, but it is applied oftener and in 
thinner coats. When elegance is not an object, but only protection 
against moisture, or good insulation, unfiltered Solution of shellac may 
be employed. A second coat must not be applied before the first is dry. 
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It Baves the yarnuh, to coat the wood fint with thiu glue. To miü^e 
the varnish look well, the wood mast be rabbed, after the first coat, with 
fine emery paper. When the varnish has been laid on thickly, it maj be 
rabbed with Tripoli on a woolen rag, and polished with linen and oil. 
The excess of oil must be removed by strewing the saiface with meal 
and wiping it with a dean linen cloth. 

White wood may be stained nnt brown by a dilnte Solution of asphal* 
tum : the addition of dragon's blood gives a mahogany color. Stainin^ 
with nitric acid does not answer for physical pnrposes. 

Paper is vamished in the same way as wood, bat the paper must first 
be sized, to prevent the Tamish from sinking in and staining it. 

Glass is vamished warm, when only a Single transparent coat is reqnired ; 
bat when several coats are needed, they must be applied cold. 

[47] Cork. — Oood soft corks are necessary for rarions pnrposes, and 
noöiing is more difficolt to obtain. By picking orer sereral bales of fine 
corks, a few really good ones may be fonnd. Champagne corks, which 
have not been pierced with the corkscrew, are serviceable for many 
pnrposes. 

To fit a cork well into an opening, it should first be cnt nearly to the 
size with a sharp knife, and then finished with a file. 

Cork-borers. — ^A cheap, bot not yery durable, cork-borer is made of a 

tin tnbe abont 3 inches long, thrnst throngh a large tnbe, for a handle, 

fig. 62. The size of the tnbes is so gradnated as to fit into each 

Fig. 62. Fig, 63. other in sets of 8 or 10, as 

shown in fig. 63. The lower 
edges are filed sharp. The 
piece of cork cot out remains 
in the cylinder, and is pashed 
ont by the next smaller one. 
A better style of cork-borers 
is made of similar tnbes of 
brass, fitting into each other, 
bat they are more expensive. 
In Order to make a qaite 
smooth, clean hole in a cork, it is better to take a cylinder smaller than 
the hole reqnired, and enlarge it with a fine rat-tail file. An assortment 
of these shonld be kept in the drawer with the corks, and used for no 
other parpose. 

Thin slips of cork may be nsed as washers, to make an air-tight Joint 
Sopports of all kinds may be made with corks and glass rods, stuck on 
inverted fannels. 
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[48] India-rubber. — Tabes of yalcanised nibber are almost always 
to be had now, bat ia case of necessity they may easily be made ftrom sheet 
robber. For this parpose a strip is cat of the proper width, folded aroaad 
a correspondingcyliader, and the fresh edges pressed together and rabbed 
a few times with the finger-naiL It may sometimes be necessary to warm 
them slightly. Gare mast be taken not to toach the fresh sarfaces with 
the fingere. The cylinder is then withdrawn, and the seam more firmly 
nnited by pressure between the fingers. The tabe may be strengthened 
bj laying another thickness of india-robber aroand it, with the seam on 
the opposite side. Sach tabes mast be tied aroand the ghiss tabes, to be 
nnited. Two tnbes may be anited by laying aroand the Joint a strip of 
india-rabber, aboat an inch wide, warmed, and boand fast with silk ; the 
folds sück together of themselyes. 
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CHAPTER I. 

EXPERIMENTS ON THE EQÜILIBKIÜM OF FOBOES. 

(o.) SOLIDS. 

[49] General remarkS. — in expenments on this sabject, it is 
necessarj to have a namber of weights with hooks, and of a unit not 
too small, so that any quantity from 1 to 100 may be expressed in terms 
of this unit Any one can readily make such weights of lead, by 
Casting this metal into paper tnbes, and cntting off proportional 
lengths. The handles may be made of small brass rings, with iron serews 
to them, which may be had at any hardware-store : the final adjastment 
of the different weights may be made by means of a knife and coarse file. 
If brass be preferred as the material, it woald perhaps be better to por- 
chase the weights ready made. Copper coins are also very conrenient for 
the pnrpose, as they are easily combined in any desired number. They 
may be held together by a string or wire passed throngh a hole in the 
Center, or by being inclosed in a wire frame or a smali tin box. Small 
metal boxes fiUed with shot may also be employed. In all cases, the 
qnantity shonld be stamped on each weight, in terms of the assumed unit. 

Besides the weights, several scale-pans, whose weight is accurately 
determined and marked on them, will be fonnd very convenient Their 
weight shonld, if possible, be integral parts of the Standard nnit. 

[50] The parallelograin ' of forces,— Among the varions 

arrangements for the statical demonstration of this law, the one presented 
in fig. 64 is especially recommended on account of the simplicity of its 
constmction and the readiness with which the forces may be meas- 
nred by the length of the lines. To the block A is fastened the rect- 
angnlar bar a b, which is pierced with holes at equal distances of abont 
a centimeter or an inch. The point of rotation c shonld form the com- 
mencement of the series. Upon the bar moves the slide d e, whose 
length corresponds to a whole nnmber of nnits of the gradnation ; it is held 
in its place by a pin, and the nnmbers are marked on the bar in snch a man- 
(58) 
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Der that the Que Seen at the apper edge d of the slide iodicates the distatice 
c F. The thiekness of d e is such that its anterior face is parallel to that 
of Ä, and Stands the thiekness of one of the bars farther back. The thin 
Strips, Fi, Fk, m n, Z o, are pierced with holes at the same distance apart, 
as in a 6 ; they are likewise nambered Arom their point of rotation, and may 
be combined into a qnadrangnlar figore by the Insertion of flat-headed 

Fiff. 65. 



I < 




wooden or iron pins, as at z s. It is better, though not necessary, for these 
pins to haye screws on the opposite extremity. The strips mnlo likewise 
carry pnlleys, one side of whicb coincides with a line counecting the holes. 
In the present and similar cases, the palleys (best of boxwood) shonld have 
a slight eleyation toward the center, as shown in the one represented of 
natural size in fig. 65. It is held between the strip on one side and a bit 
of bent brass plate, screwed to the wood, on the other. The brass must 
fit snfficiently close to the pnlley to prevent the string from slipping off. 

In trying the ezperiment, take three silk strings, and tie them to a small 
brass ring; pass two of them over the puUeys, allowing the third to hang 
down. Construct a parallelogram of any size out of the fonr strips, which 
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Fig. 67. 



will then have its diagonal m ah. If weights be dow hang to the enda 
of the three strings, corresponding to the distances cz^c b,c F, eqnili- 
brinm will take place, and the point of nnion of the strings will correspond to 
the point c, retnrning to it wheneyer drawn away. The small boxes of ün 

filled with coins will be foand 
'^*^' ""• very conyenient in this experi- 

ment The block A may be 
fostened to a stand, or simply 
placed on the edge of a table ; 
in the latter case, however, it 
mnst be heaTily loaded. 

If any other weight than that 
corresponding to the diagonal 
be nsed for the middle force, 
the knot will not come to c\ 
the slide may then be moTed 
nntil this is the case, and the 
weight will again correspond 
to the length of the diagonal. 

Withont such a machine, two 
pnlleys may be fixed to a table 
in any way, as in fig. 66, and 
any weights attached to the 
cord, and then the angle, which, 
according to tho law, the forces 
wonld make with each other, 
songht by constmction. If this 
fignre, drawn tolerably large, 
be held behind the cords, the 
angle which they make will 
always correspond to that of 
the figare. The correspondence 
will not be exactly owing to the 
nnavoidable friction, bat the dif- 
ference will fall within the same 
limits on both sides. 

ji [51] The knee-press.— 

/\ The application of the paral- 

/ \ lelogram of forces, in the so- 

^^^^ called knee-press, may be readily 

illastrated by means of the apparatns represented in figs. 67 and 68. To 
the board if^ the npright pillar ÄB\% fastened by a screw. XJp and 
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down this moves the pnlley and the lever IH, capable of being fixed 
by slides and clamp screws. Thns, in any position of the knee, the lever 
/i^and the string a of the pnlley may be made to assnme a horizontal 
Position. The string is attached to the axis at D by means of a sturnp. 
If the bars E DD F move on their joints with snfficient freedom and 

Fig. 69. 

Fig. 68. 





V^ 



precision, we can readily calcnlate from the weights in the scale-pan e^ 
and the proportions of the lines a D and DE^ the lateral force J9 ^, and 
from the leverage, the weight reqnired at H, since in the experiment, 
D E will act nearly perpendicularly on IK One of the joints mnst be 
so constructed that the bars DE DF will be nnable to pass beyond a 
vertical position. All the bars shonld be made of iron, the extremities 
somewhat stronger for the joints, the central Joint being constmcted as 
shown in fig. 69, to prevent the two bars from going past the straight 
line. The holes and pins, as well as all the joints, mnst be made very 
smooth, to give the apparatns the proper freedom of action. 

The Compound action of two forces may likewise be shown by the 



Simultaneons impact of two 
ivory balls upon a third, all 
of the same size. 

[52] The composi- 
tion of uniform forces 

may be illnstrated by the ap- 
paratns shown in figs. 70 and 
71. if ^is an upright board, 
with a foot o p. The board 
B S IS fastened perpendicu- 
larly to MNf and held in place 
by means of two brackets, a b, 
This board is slit longitudi- 



Fig. 70, 
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nally slong the middle, and has two rabbets on the opper aide, parallel 
with the sHt. To a block of wood c d foar wheels are attached, rannin^ 
in the rabbets of B 8. In addition to the foor wheels, there is a polley 
in the block, projecting sllghtly aboye the npper side ; over this and the 
polley/ is passed a string, fastened at g, and carrjing the weight h. If 
the block cd he now drawn along the board B Shj means of the strin^ c 
passing over the pnlley e, the weight h will immediately ascend along the 
diagonal o m of the parallelogram mnop. 
[53] The inclined plane. — An arrangement to ezhibit the laws 

Fig. Y2. 




"vr ::::.:::7;: 



Fig. Y3. 




of the inclined plane conveniently and with snfficient exactness, mnst be 
arranged so that the force may be made to act parallel, either to the 
plane or to its base. The inclined plane shonld be of metal, and capable 
of being fixed by a clamp screw at any angle. The cylinder ranning on 
the plane mnst also be of metal, having for pivots the steel points of two 
screws fixed in the brass frame a b, figs. 72 and 73. The piece defhiks 
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on its aide detk graduation in fractions of the base ; e f likewise is 
gradaated either to degprees or in fractions of the length of the plane. 
The latter is the more difficnlt to apply, and in g^neral it is better to 
calcnlate the connterpoise reqnired from the known weight of the cylinder, 
and the triangle mno, If the connterweight acts over the pnlley y, it 
will hold the cjlinder in eqnilibrinm at any point on the plane. When 
it acts, however, over h, eqnilibriuin will only eidst when the string is 
horizontal This latter pnlley is carried by the brass strip i k, 
üg, T4, and may be fixed at any position by screws, r s, which, -^- "74. 
howeyer, will not affect the resnlt. In this case, the inclined 
plane has a slit, throagh which the string can pass. The pnlleys 
are made of wood, with slender axles; t serves to snpport the 
plane in a horizontal position, for which the slit is widened toward 
g, to pass over the pnlley h. 

f 54] A simpler apparatns, thongh qnite as instmctive^ may 
be made of wood, as shown in figs. 75 and 76» ^ of the real size 

Fig. 75. 




The two boards may be connected by a hinge, the lower one haying fonr 
adjnsting screws. The inclined plane has a slit in front» to receive the 
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puUey, whose azis rests on the sides of the slit, and is held down by two 
plates. The pnlley most be as large as possible, without touching the 
table, when the two boards are shut on each other. To a^jost the appa- 
ratas, we may make nse of a pin, which catches against cleats or holea, 
on the ander side of the inclined plane, made at distances apart eqnal to 
the height of the pin. 

The load is best made of metal ; it may, however, be of old wood sat- 
nrated with hot yarnish ; its diameter, as shown in the fignres, will depend 
on the height of the pnlley. When of wood, it shonld have metal shafts, 
and be set in a frame of sheet-brass. The weight of the roUer and frac- 
tions of the same are marked npon it. 

[55] The SCrew. — The theory of the screw is best illnstrated bj 
means of a wooden cylinder aboat two inches in diameter, on which is 
wrapped a right angled triangle of paper, as a & c in fig. 77, one cathetna 
of which is eqnal to the height of the cylinder, the other to its circnmfer- 
ence. The hypothennse has a well-defined black margin, and represents, 
when wrapped aronnd the cylinder, one tnm of a screw. 



JP^. 77. 



Mg. IB. 





In a similar way, the donble-threaded screw may be illnstrated, by hav- 
ing a second black line parallel to the hypothennse, as in fig. 78, where 
a 6 is eqnal to the circnmference of the cylinder, and a e half the same. 

In Order really to show the action of screws by weights, it wonld be 
necessary to choose snch as have a wide thread, and even then the fric- 
tion wonld be too great. It wonld be well, however, to have a few 
modeis of flat and sharp threaded single and donble screws, and also a 
model of an endless screw, althongh they shonld not be nsed with weights. 
The modeis shonld not be too small. 

If it be desired to illnstrate the action of a screw experimentally, the 
foUowing apparatns, designed by Professor J. Müller, is yery conyenient 
The base MN, fig. 79, snpports a massive, well-tnmed cylinder Ä of hard 
wood, over which fits a hoÜow cylinder B, designed to snpport the weight 



Digitized by 



Googk 



PHTSICAL BXPEBIMENTATION. 



65 



C. The latter cjlinder is made of very hard and dry wood ; the lover 
margin is cnt in the form of a screw, which can be made prettj accarate 
bj first pasting aromid it a slip of paper, as in fig. 79. Into the solid 
cylinder, six roUers aa.. . are screwed, so that all may sapport the screw 
together. These rollers move on steel bearings. Fig. 80 shows one of 
natural size. The arm D also has a roUer, over which the cord with 
connterweight passes. The screw shoold have a high angle, and, for con- 
Fig, Y9. Fig. 80. 





Fig. 81. 




^55^^'B 




Tenience in experimenting, shonld bear a simple ratio to the circnmference 
of the cylinder. The nse of the apparatns needs no explanation. 

For fnrther illnstration, an Archimedes' screw with a glass cylinder is 
convenient. 

[56] The wedge, — The simple arrangement of fig. 81 is intended 
to illustrate the theory of the wedge. It consists of a wooden base r r 
set horizontally on a table by means of four adjnsting screws. In this 
base and hang between cheeks of brass is sank the cylinder a; it also 

5 
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Fig. 82. 



Fig, 83. 



carries the palley c, which projects in snch a manner as to give free plaj 
to the string llio which the scale-pan w is attached. In the npright t; 
is hinged the board 8, with its ejliuder h^ which can be pressed against 
the cylinder a by a weight Between the two is situated the wedge k 
attached to tbe string 1 1, Tbere should be several of these wedges of 
the same lengtb, bat of dilTerent bases. 

The entire apparatus is very simple, althongh the cylinders reqaire nice 
work. They are made of boxwood and turned on their pins after these 
liave been inserted. The two must rotate perfectly parallel to each 
other. 

The raode of using the apparatns will be evident to every one. The 
pressure of the board 8 with the cylinder b is ascertained by attaching 
it by a string to one scale of a balance, and pntting weights into the 

other until the board rises on its Joint to a 
horizontal position. This weight is marked 
on the board, and in each experiment is to 
be added to p. It will be best so to regu- 
late this weight that it shall amoant to a 
whole nnmber of the assamed nnits. 

[5t] The pulley.— In addition to 
the common form, it will be necessary to 
illnstrate the movable palley for the case 
where the two cords are not parallel, as 
this alTords a good opportanity for remarks 
on the parallelogram of forces. The ex- 
perimenter should haye a number of single 
pulleys with movable hooks, abont the size 
and shape of those in figs 82 and 83, so as 
to admit of various combinations. A frame with various sets of pulleys 
is shown in fig. 84. 

The pulleys themselves must move freely enongh to require their weight 
to be taken into account in experimenting, this being determined by means 
of a scale-pan, as in the simplest combination of fig. 84. They must be 
a little thicker toward the center so as to diminish the friction against the 
frames as mach as possible, and the space at tbe top mast be so small as to 
prevent the string from slipping oflf. To explain the working of a movable 
pulley when the two strings are not parallel, as in fig. 85, the same arrange- 
roent may be used as for the parallelogram in fig. 66 ; in this case we pass 
a Single string over the two pulleys of the frame, and upon this place a 
movable palley, as in fig. 82. By means of the apparatus, it will be easy to 
explain tiie advantages and disadvantages of the dififerent combinations. 
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[58] Construction Of the pulleys.— If made of brass, pieces 
as nearlj circular as possible are cat oat of brass plate with the ßaw or 
cold chisel, following np with the file. A hole is next to be bored in the 
Center of each, and a wire filed slightly tapering passed throagh so as to 
fit tightlj. This shoald be at least a line in diameter and be soldered 

Fig. 84. 




Fig. 85. 



Fig, 86. 



with tln. The pulley shoold 

then be put on the lathe and 

tarned at the same time with 

the axis, care being taken 

that the pnlley is left very 

slightly thicker at the axis 

than the circumference. The 

axis shoald be left at least 

half a line in thickness, and 

the groove mnst be deep 

enoogh to receive the entire thread without any part of it projecting 

beyond the edge, fig. 86. The pulley is then to be varnished while still 

on the lathe. 
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The cheeks, fig. 87, the hook, with its neck, fig. 88, and the iDterme- 
diäte piece, fig. 89, are theo made, and the latter pierced with a hole to 
receive the hook. The different parts are then combined bj means of a 
hand-vice, which is applied over the upper half of the intermediate piece, 
allowing the pulley to move freelj and to come so near to the intermediate 
piece as to preyent the string from slipping off. In this Situation bore s 
hole a, fig. 90, entirely through the head, and so as to encroach slightljr 
on the one previously bored in the intermediate piece, insert the neck 
of the hook, and put in a rivet before removing the hand-vice. A second 
hole may then be bored also passing through the neck of the hook, or 
any other part of the head, and another rivet inserted. Shonld the 
hook be too tight to tum freely, a little oil and working will ease it. 
The entire block is then to be cleaned and varnished. 

The intermediate piece may also be soldered to one of the cheeks, or 
both made in one piece. The latter course is not to be recommended, 
and it will at any rate be necessary to use a rivet to have a movable 
hook. 

In the case of wooden pulleys, the frame or block is made of a piece 
of beut brass plate, the pulley bored through and the axis riveted, or 
otherwise fastened in the frame. The hook is likewise riveted into the 
frame before it is beut. If the Operator cannot make such pulleys, or 
time be wanting for the purpose, very good temporary ones can be con- 
structed by getting some wooden pulleys already pierced from the tumer, 
nnd bending a round iron wire into the shape shown in fig. 91. The part 

Fig, 87. Fig. 88. Fig. 90. Fig. 91. 



i^. 89. 



m 




a passes through the hole of the pulley, and in this way we shall have a 
tolerably good arrangement, and at a very trifling cost, even for a con- 
siderable number. 

To make the pulleys turn very easily, which is necessary for many pur- 
poses, they must run on pointed stcel screws passing through the frame. 
A hole is bored in each end of the axis, which is enlarged conically, as 
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showD on an enlarged scale in fig. 92. The pnlley mnst be centered on 
this conical hole. The points of the screws which ran loosely in the 



Fig. 92. 



conical depression must be 
sbarper cones, so tbat only 
the obtnse edges of the de- 
pressions will play on their 
polished snrfaces. The 
Rcrews are made as hard as 
glass, and so adjasted as 
jast to allow the pulley to 
tnra freely withont pres- 
sure or oscillation. For 
this purpose a second nat 
is necessary, as seen in 
fig. 92. 

[59] The lever. — However simple the theory of the lever, the 

teacher will find considerable praotical difficulty in explaining it to the 

entire comprehension of bis scholars. It will, therefore, be necessary to 

present experiments in their most varied applications. 

The apparatas, figs. 93 and 94, is well calcolated for illastrating the 




Fig. 93. 



Fig.U. 







laws of the lever ; it is constrneted entirely of hard wood, with the ex- 
ception of some small pieces. The post C is fixed in the middle of the 
base BÄ, which Stands on leveling screws, and behind it the npright 
board MN ilf -AThas three slits, D D D/m which to fasten pulleys. A 
brass plate a is screwed to the top of the post (7; its cheeks are notched, 
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to receive the axis of the lever. This is a wooden bar turniog on a steel 
axis perpendicalar to its length ; a piece of stoat knitting-needie will 
answer for this purpose. The axis shoald be driYen in a little aboye the 
center of gravitj. Aloog the bar, at distances of an inch, are next to be 
inserted short pins of rather thinner wire, all to be in the longitudinal 
axis of the bar and fitted in as truly perpendicular to its vertical plane as 
possible. To each pin is to be attached a stirmp of brass wire, as shown 
in (ig. 95. These stirrnps are made of hard, dravrn wire, so as to have 
some elasticitj ; they shonld be all of eqnal length and capable of being 
detached, so as to be replaced with the bend above the bar. The pins, 
with their stirrnps, are nnmbered from the center. The brass balls m m 
moving on close-threaded screws at each end of the bar serve to balance it 
To bring forces to act obh'qnelj npon the lever, we make nse of a pnlley 
n placed in one of the two slits, D D, and with its plane parallel .to MN. 
This is shown of natural size in fig. 96 ; it is made of boxwood or brass, 

and has a steel axis tnmed at 
^^' ^^' ^^' ^^' the same time with the pin 

B Bf on which a screw is cnt, 
leaving a space as long as 
the thickness of the pallej. 
This is embraced between B 
and the oonyex head S^ so as 
to have an easj motion. Over 
this pnlley is passed a string 
attached at one end to any stirrup and to a weight Q at the other. 
We can then ascertain by*- direct measurement the distance a c of the 
direction de, in which this weight now acts on the lever; ac is, how- 
ever, inconvenient to measure. If the upper edge of the slit D is 
distant from the middle of the lever, when in eqnilibrinm, by a whole 
number of inches, (about three inches in fig. 93,) and provided with a 
gradnation corresponding with that of the lever, the triangles acd and 
d e f will be similar, and from e£ /, de, and a d, we can find the dis- 
tance ac; de 13 easily measured. If, in the present case, df= 3, a d=6, 

d e = 3^, then a c z=- Z= _ If now a direct acting weight be 

de 1. 

attached to the left, at a distance, 1 = the weights would be inversely 

7 
as the distances, or Q : P = 49 : 30, a proportion which, like any other, 

is easily constrncted by means of coins. 

To make a lever of the second or third class, a pnlley is placed in the 

npper slit, and one of the stirrnps tnmed npward ; the attached weight 
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acta OYer the palley, and the other weight acts directly at the reqnired 
distance. To adjast the npper pallej with safficient exactness for the 
pnrpose, its sHt has a gradaation corresponding to that of the lever. 

The azis of the lever itself may be held in a stirrap, and the action of 
the two lateral forces balanced by a middle force for the pnrpose of show- 
ing what the fulcram at a has to perform, and in general to exhiblt the 
law of eqailibrinm of three foices. whose centers of action are connected 
by a straight line. 

A simpler and very nseful arrangement for illostrating the laws of the 
leyer, is giyen in fig. 97. It needs no fnrther description. Each of the 
leyers may be nsed alone or in combination with others. Smooth holes 
are bored in the levers and the stand, and pieces of smooth wire serve as 
fulcrnms and snpports for the brass stirmps which snpport the little 
hooks. .To nse them as one-armed levers, they are balanced by the 
weights a a. To use a Single one as a one-armed lever, the npper bar is 
passed through both snpports, and pulleys attached to it for the weights 
which are to act npward. 

Fig. 91. 




The arrangement in fig. 98 is still simpler. The lever A B tnrns on a 
Steel wire, and similar wires snpport the stirrnps of the weights where 
they are reqnired. The pulley canses' the weights to act npward. 

If satiafied with the simplest arrangement, we may attach the lever to 
a hook, by means of a somewhat longer stirrup of brass wire ; iu this 
case, however, only forces acting directly can be employed. We may also 
furnish any steelyard with a graduation on its sbort arm corresponding to 
that on the long, and thns explain the law of the lever, thongh less com- 
prehensively. 
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[60] The Wheel and axle. — An iron axis is passed through a 
saitable piece of hard wood and both tnrned o£f together, so that the 

Fig. 98. 




Iftg. 99. vfoodi may have a nnmber of successive disks, 

witb diameters proportioned to each other, as 
1, 2, 3, etc., Gg. 99. Eacb disk bas two pins, 
diaraetrically opposite to each otber, to attacb 
tbreads. These disks are sapported bj two 
equal Strips of brass, which are screwed to a 
board. 

For the farther elucidation of this subject, tt 
would be well to have a simple wooden axle 
with iron gudgeons, on which may be placed a 
winch or a wheel of the samo radius, to explain 
the netion of the winch. These gudgeons must 
also be tnrned off with the axes, and rest in 
gronnd brass boxes. The action of weights in different positions of the 
crank may readily be shown. 

After having thns explained the knee, the pnlley, the lever, wheel and 
axle, and crank, we may next proceed to the consideration of some Com- 
pound machines. 

For this purpose, modeis will likewise be needed, although the experi- 
ments will be no longer conducted with weights. Among these the 
common carter's jack occapies a prominent place. Instead of con- 
siructing a model of this, it will be well to procnre a good jack of 
tlie smallest size, and either cut through the plate which Covers the 
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wheels, or, if this canoot be done, haye the plate arranged to screw 
on, instead of belog riveted. A jack of this kind maj be ased for other 
purposes, and costs no more than a model. 

The tripod with a windlass, 
shovni in fig. 100, is easüy ^' 

constracted in model, and ia 
the better suited for illnstra- 
tioQ of a Compound machine, 
as the tripod is so frequently 
used with or without the 
windlass. It depends on the 
design of the instruction, how 
mach should be done in the 
waj of collect! ng modeis ; bat 
it is desirable to have, so far 
as possible, real working mo- 
deis of tolerable size for the 
sake of exhibiting the actaal 
Operation of machines. 

[61] Center of grav- 

ity. — For illustrating the law 

of the Center of gravity in 

sarfaces, a triangle may be 

made of very even wood, ma- 

hogany or ebony, about a line in thickness, and the center of gravity 

foand on it by construction. If a hole be bored from the other side more 

than half way throagh, the rest pierced with a fine needle, so that it can 

be saspended by a thread, as in fig. 101, it will be so 

nearly balanced that a little wax will easily adjust it. It 

shonld be made of uniform thickness. In the same way 

the center of gravity of a Square or polygon may be 

constracted by combining the centers of gravity of the 

separate triangles which compose them. 

[62] The equilibrium of sospended bodies is most stable. 
When the mass of a body can be so distributed as to be suspended without 
appearing to be so, varioas curious experiments may be exhibited. Thus 
on the poiut of a pyramid, A, fig. 102, is a slightly concave metal plate. 
A piece of wood By with a beut wire if -^passed through it, having a lead 
ball at each end and provided with a steel pivot, is set in this concavity. 
The whole System will be suspended when the two balls lie below the 
pivot. For the block B may be substitated a small figare made of light 




Fig. 101. 
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material resting on one toe, and holding the wire if ^in iU handa like a 
rope-dancer. Sach an apparatoa will alwajs maintain its eqoilibriaiii, 
however mach it maj oscillate or rotate. 

[63] The OOne Whioh runs up ^i^l — Make a doable cone of 
wood, fig. 103, of 5 to 10 inches in length and 2 to 4 in thickneas, with a 
knob at each end. Nezt procare two bars, like mnop^ fig. 104, beveled 

Fig. 102. Fig. loa 




l-n-il!'" \\P 



at the Upper edge m n, whicb inclines to op in such a manner that the 
axis of the doable cone, when laid on the highest part at n, fig. 103, lies 
somewhat lower than when the common base rests on the lowest point 
at m. The two boards are nnited at m bj a hinge, and separated enough 
to let the apices of the cones rest in the notch at n. On placing the 
cone at m, it will ran toward n, and come to rest in the notch. 

[64] The Chinese tlimbler. — This may be boaght at any of the 
toy-shops. When the stair is erected, the tnmbler is to be bent together 
with its back downward, as if resting on the hands and feet ; place it, 
however, only on its hands, and it will tarn several somersets before 
reaching the bottom. If the toy does not work well, it shonld not 
be boaght at any price, for its adjnstment will involve mach time and 
tronble. 

[65] Stahle equilibrium. — The apparatos shown in figs. 105 and 
106 is Tery well adapted to illnstrate the laws of stable eqailibriam. The 
board if^Y with adjasting screws carries a sqoare iron bar B, on which 
the slide a b with the pnlley c moves op and down. This can be fixed at 
any height by means of a screw d. In the middle, directly across the 
board, is fixed the thin brass strip m m. Make an accnrately perpendicn- 
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lar prism of white bozwood, and bore a hole from below, half the 
length of the prism and on one aide of its vertical axis, having its 
Center in the median line of the 
prism. Fill the hole with melted 
lead, and after cooling, fix it more 
firmly in the cavity by hammering. 

The cepter of gravity of the 
body mnst now be ascertained by 
applying the sharp edge of a mler. 
Jf wood of uniform textnre has 
been selected, and the hole for the 
lead made directly opposite the 
middle of the side nearest to it, 
the Center of gravity will lie in 
the section passing vertically 
throngh this middle line. This 
line and the one directly oppo- 
site are now divided into foor 
parts, and in each division is in- 
serted a small hook, to which is 
fastened a thread with a scale- 
pan at one end and passing over 
a pnlley. The pnlley mnst be so 
arranged that the string shall be 
horizontal. 

The distanceof the line of direc 
tion of the center of gravity from 
that edge over which the prism 
will be thrown, the distance of 
the point of attachment frora the 
same edge, and the entire weight 
of the body farnish the elements 
from which we can calcalate the 
weight which mnst be attached 
to the string in order to over- 
throw the body in any of the 
fonr positions in which it can be placed, with the string attached to 
either of the six hooks. The weight of the body is marked on it, and 
the distances rSfSt measnred and marked, assaming the interval between 
the hooks as nnity. The weight calcnlated for each hook shonld be 
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marked beeide it. The stand of fig. 67 will serve for this arrangement, 
after removiug the lever and knee. 

[66] The balance. — The dependence of the delicacy of a balance 

on the Position of its center of gravitj can be shown, as suggested by 

^. jQiy Greiss, very simply as repre- 

sented in fig. 107. Two half 

knitting - needles ^ n d o n e 

whole one are thnist throagh 

a cork at right angles to eaeh 

other, and the apparatns sap- 

ported on two wineglasses, 

so that the whole needle 

represents the beam of the 

balance, and one of the halves 

the tongne. By pashing the 

latter up or down, the center 

of gravity can be altered at pleasure, and its effect on the eqnilibrinm 

thns demonstrated. 

[67] Management of the balance.— Two balances are needed ; 
a delicate one, for accnrate experiments, (as in specific gravity,) and a 
good common Instrument, for miscellaneous purposes. In case of neces- 
sity, the latter may be used for specific gravity experiments, provided they 
are as sensitive as the better kinds nsed in the shops. 

The characteristics of a good balance are well known. As the onüay 
is considerable, the fine balance should be bought of a well-known maker, 
as it will be no advantage to have any but a first-rate instniment. It 
shonld carry about 500 grammes, and turn with at least jxfj}jij5j5 ; that is, 
with the load of a hectogram it shonld tarn with a milligram. The 
base must be provided with screws for horizontal adjnstment, since the 
Suspension in the so-called shears, as in the common balance, is not 
admissible here. Wedges, indeed, may be driven underneath, or the 
stand may be placed upon a board, with adjusting screws, which will be 
found available for other purposes ; but either mode is a troublesome one. 
This balance should have an extra pan, for the determination of specific 
gravities. 

It is essential to the good preservation of a balance, that, when not in 
use, the beam should be raised from its bearings by a gentle, steady move- 
ment. It will be found very convenient to have the case for the balance 
glazed, and it should be so arranged that the paus can be reached by 
opening a door in the case. The equality of the arms may be ascertained 
by loading the paus nearly to their limit, and balancing and then trans- 
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pouDg the paos, which shoald still balance each other. This maj not 
occar, howeyer, with mathematical acearacy in verj delicate balaaces, 
and therefore whea verj accarate determinations are to be made, recoarse 
miist be had to the method of double weighing. It will be readilj aader- 
stood that ia sach a balance, the edges mast be parallel with each other, 
Sharp, and in the same plane. 

The balance mnst have a firm resting-place in a good light where it 
ean remain andistorbed. If it become ncessarj to move it, the knife 
edges should be lifted from the bearings, for these parts are easilj injared 
bj sbaking. 

[68] In weighing^ it is more expeditioas to trj the weights in regulär 
SQccession, beginning at the larger, and omitting none, for one is ycij apt 
to underestimate the weight, and haye to go back again. The bidance 
should not be raised to its füll height nntil equilibrinm is so nearlj 
secured, that neither scale tonches the bottom. It is onlj bj the most 
cantious handling that such an Instrument can be kept in order. 

It will not be necessary to wait for the balance to come entirelj to rest, 
as the index mores along a graduated are, and a comparison of the 
amonnt of motion to either side of the zero will indicate the fact eren 
better than when all is in equilibrium. This, however, soon occurs in 
specific gravity ezperiments, when the body to be weighed is suspended 
in water, on acconnt of the greater resistance of this dement 

[69] For the common balance, one should be selected carrying 5 to 
10 Ibs., and of sufficient delicacy to turn, when not loaded heavily, with 
TT)00> (^ decigram;) in this way the finer Instrument may be much re- 
lieved. It should be suspended in some convenient accessible place, where 
there should be two hooks, one to support the scales when in nse, the 
other lower down, and allowing the pans to rest on a base. There 
should also be a point of Suspension for this balance over the exper- 
imenting table, as it will often be needed here. If this balance be the 
only one procured, and with the above-mentioned degree of sensibility 
it will serve for purposes of demonstration, it will be necessary to have 
a pair of flat scale-pans to be used among other purposes for specific 
gravity determinations. The instrument must be subjected to all the 
tests to insure accuracy, as this will frequently be fouad wanting. Be* 
Bides seeing to the equality of the arms, the three knife edges must be 
tested to see if they are in the same straight line. If the construction 
of the balance will allow it, this latter point may be ascertained by means 
of a fine, smooth thread attached to abow; if this test cannot be applied, 
then reconrse must be had to weighing. The sensibility must not decrease 
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too mnchy by iDcreasing the load, nor become extreme when loaded 
to the higbest In the former case, the central knife edge is too hig^, 
or rather, the line connecting the onter knife edges is below the cen- 
ter of graritj; in the latter, it passes above the central edge. Thoa 
a balance which when empty tnms with a weight of 1 to 2 centigrammes, 
and when loaded with 3 kilogrammes in each scale-pan tams with 2 or 3 
decigrams, maj well satisfy the Operator as to this point. It is well 
known that the sensibility of the balance is indicated not bj the amoant 
which sets it in motion when at rest, bat by that which affects its oscilla- 
tion when already in motion. If a balance does not come np to all these 
reqairements, it shoald not be pnrchased. If, howerer, an inaccorate one 
has been already procared, all its parts should be carefally scmünized. 
If the bearings and knife edges are not hard enoagh, (the file shoald not 
cat them,) they shoald be knocked oat with a wooden or copper harn- 
mer and rehardened ; or eise they shoald be replaced entirely by better 
Steel, groand and polished anew. Farther hints on this sabject wül be 
giyen when treating of the pendalam. Shoald the balance still indicate 
a want of sensibility, its center of gravity lying too low, it will be neces- 
sary either to remove some matter from beneath the point of sospension, 
or eise add something to the tongae. Finally, if the knife edges are not 
properly adjasted, or the arms of aneqaal length, and the knife edges not 
movable, something might be done by means of the hammer ; bat this is a 
very hazardoas basiness with which we shoald have as little to do as possi- 
ble. It will in most cases of this kind be foand best to parchase a new one. 
[70.] Weights. — It will be advisable for the experimenter to hare 
weights of several diflferent denominations, as troy, avoirdapois, and 
apothecaries' weights, together with those of the new French Standard. 
The latter shonld be obtained from some reliable workman ; for making 
decimal weights is a very tedioos Operation withoat a Standard weight 
Even with the indispensable precaation of laying each weight in iis proper 
division in the case as soon as it is taken from the scale-pan, one of the 
smaller weights will occasionally be lost in some way. It is well there- 
fore to make daplicates of these oat of thin silver or platina plate. The 
cost of snch plate is inconsiderable. A convenient mode of constrncting 
these is to cat oat a small rectangalar piece and regnlate it carefally to 
the weight of a grain or decigram. Then with the dividers lay off aliqaot 
parts of the length and cnt it with a sharp knife and a metallic raler into 
bits of 5, 4, 3, 2 and 1 milligrammes. The accuracy of the seyeral pieces 
may then be tested by the balance. Chemists often possess scales sensitive 
to y'q of a milligramme, and access to snch shoald be made ose of for 
parposes of comparison and rectification. 
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[7 1] The Steelyard. — A steeljard will be necessary onlj to explain 
the mode of its ose ; it is to be tested before parchasing by trial with known 
weights. 

Fig. 108. 




[72] Coimter soales or platform scales.— The constructioa 

of these scales can be readlly ezplaiaed, and shonld by no means be omitted 
on accoant of the almost aniversal nse into which they hare come. The 
main point in testing them is to ascertain whether the decimal relation is 
maintained with different weights when placed on any given part of the 
bridge. Their sensibility rarely exceeds jxjj^i;. A convenient form for 
demonstration will be foand in one carrying abont 50 Ibs., the bridge or 
platform of which consists of two pieces hinged to a frame, which, when 
closedy entlrely fill np the frame, and when opened and tarned back, 
expose the lower lever to view. 

[73] Elastioity. — The elastlclty of ivory is shown by dropping a 
small ball on a marble slab. If the slab be breathed apon, the ball will 
make a spot the size of which is proportioned to the height'of the fall. 
The spot is seen best in an obliqae light Blackening the slab with lamp- 
black makes the spot more distinct. The slab shonld be leveled by wedges 
to avoid having the ball rebonnd obliqaely. It will be best to catch the 
ball as it rises in the air. 

Any piece of marble slab will answer for the preceding experiment, 
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afler it has beea dressed Square. It will be best to have a wooden case 
with projectiüg edges made to fit the marble. The case is laid dowTi, 
bottom upward, and the marble laid in it. The remaining space is filled 
with prepared plaster of Paris mixed to a thin paste, which, when qaite 
hard, should be leveled oflf, and the wooden bottom screwed on to the 
firame. Gypsum, or plaster of Paris, (sulphate of lime,) is prepared for 
F'n 10<) ^^^^ ^^^ other pnrposes by taking it in impalpa- 

ble powder as groand at plaster-mills, and put- 
ting a conyenient portion dry into an iron pot 
over the fire. After a short time, an apparent 
ebullition will take place in the dry powder 
owing to the disengagement of the water of 
crjstallization. The mass should be stirred coq- 
tinually until the bubbling ceases, then remoTed and allowed to cool. 
XJnboiled plaster will set or harden, by mixing with a Solution of car- 
bonate of potash, although not so perfectly as when boiled. 

To this experiment we can revert after the laws of falling bodies hare 
been explained ; and from the height of the rebound, the elasticity of the 
ball may be calculated. 

The elasticity of well annealed glass is shown by the glass trumpei, 

fig. 110, whose thin anterior 
Fig.UQ. Fig. in. Fig.lU. wall is bent outward with a 

rattling sound when blown 
into. A bunch of glass 
threads serves a similar pur- 
pose, as also a glass tube cat 
into a Spiral. See § 17. 

The Bologna flasks, fig. 
112, are made of unannealed 
glass, and break to pieces 
when an angular pebble is 
dropped into them, although they will bear the stroke of a hammer on 
the outside. Yessels very similar to these are sold for taking specimens 
of spirits from casks ; they have the same shape, but may be distingnished 
from the Bologna flasks by having the neck ground even, fig. 111. They 
are partially annealed, and do not answer at all for this experiment. 

The experiment with the glass tears, or Prince Rupert's drops, (made 
by dropping melted glass into water,) is best tried by wrapping them in 
paper and then breaking off the fine point In this way the fiue sand 
into which the drop falls will all be retained in the paper, and the danger 
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of iojary by the fljiug aboat of the particles ayoided. These drope, when 
broken in a tambler of water, nsaally break the glaas with the Yiolence 
of the shock. 

[74] The torsion elasticüy of hard wirea is shown bj fastening a 
piece 2 or 3 feet long to a weight of several poaads, aad saspeuding it 
bj the other end in a hand-vice. When the weight U twisted oat of its 
place of rest, it will gradually retam to It 

[75] Cohesion. — Experiments in cohesion are not often nndertaken 

Flg, 113. 




for parposes of instraction, as they consame a great deal of pig, 114. 
time, and, withoat constant repetition, lead to no result. The 
fact of cohesion existing, however, needs no very labored 
demonstration. An arrangement like that shown in fig. 113 
may easily be constracted, (with wooden base,) in which, by 
means of a sliding weight of some 50 Ibs., parallelopipeds 
of wood may be tom apart. The latter are shown on a 
larger scale in fig. 114; they shonld be faced with harder 
wood at the extremities. The distance between the two holes 
mast be such that after the wood has been fastened between 

6 
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the lever and the base bj means of bolts, as shown in fig. 115, the fonner 
will occapy a horizontal position. 

[76] Adhesion is sbown (1) bj means of groand plates 
Fig, 115. Qf giass or metal; (2) by pieces of lead pressed together; 
^ ^ (3) by Moschenbroeck's cohesion plates ; (4) by glass and other 
Tj plates on mercury and water ; (5) by the Seotch waltzer. 

1. Plate glass is cat into round or oetagonal pieces, and the 
edges gronnd oflf on a grindstone ; wooden handles are then attached by 
means of sealing-wax. The plates mnst be gently heated nntil the was: 
will melt on them. Pieces of broken mirror will answer for this pur- 
pose ; their cohesion, howeyer, shonld be tested before going to the troable 
of fitting np. Metal plates, after having been tnmed as tme as possible, 
mnst be gronnd down. This mnst be done with each, singly, upon a per- 
fectly tme iron plate or a piece of mirror glass, with sand and water, and 
finally with fine emery. The plates mnst then be gronnd on each other 
with powdered pnmice and oil. These plates reqnire much labor, for 
even those pnrchased at the shops are often very defective. 

2. Two cylinders of lead, abont ^ inch in diameter and length, are 
smoothed first with the file and then with the penknife ; on pressing them 
together in a vice, they adhere so closely as to be separated with great 
difficnlty. 

3. Muschenbroeck's adhesion plates are tre^ted like those mentioued 
in the first Illustration ; to unite them they are 
first heated and then coated with tallow, 
after which they must be pressed together in a 
vice and allowed to cool. They will then sus- 
tain probably as mnch as 50 Ibs. before separat- 
ing. See fig. 116. 

With both kinds of adhesion plates the ex- 
periment may be tried under the receiver of an 
air-pamp, to show that atmospheric pressure is 
not the agent involved in the case. To do this 
satisfactorily, however, an arrangement similar 
to that in fig. IIT will be necessary. This con- 
sists of a board with three brass rods combined 
at top, and at their point of union carrying a 
hook for suspending the plates. The size of 
the base will depend on that of the receiver 
and air-pamp plate. The weight should not 
hang high above the board. 

4. This experiment is best prepared in the 




Fig, 117. 
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foUowing manner. To a glass or brass disk is attached a piece of seal- 
ing-waz as long as the finger, and to this a string. The scale-pan of a 
common balance is replaced by this disk, hang so as just to reach the 
sarface of the water in a cup below. The sealing-wax is now slightly 
Boftened throaghoat by very gentle and gradaal heat, and the plate 
allowed to rest on the water ; a small weight is placed in the opposite 
scale-pan. The adhesion of the water holds the plate, and the weight 
draws the sealing-waz antil it becomes perpendicular to the plane of the 
plate. It will be readily onderstood that the plate mast not be allowed 
to toach the sides of the cup. As the wax Stretches, one or more knots 
are subsequently made on the string until the balance again has the hori- 
zontal Position. 

In the experiment, the freely saspended plate is first broaght into 
equilibrium by grains of shot, before setting the cup of mercury or water 
under it By the gradual addition of weight, the plate resting on the 
liquid is tom off The plate must be carefuUy cleansed, which is best 
effected by washing with alcohol, and the sarface of the mercury in par- 
ticular must be free from dust For this purpose it is to be filtered 
throQgh a paper cone set in a glass funnel. The inferior apex of the 
cone is cut off so os to allow the mercury to issue in an exceedingly fine 
stream. The glass plate is first laid obliquely on the mercury and then 
gradually brought to füll coincidence with the surface, to expel all air- 
bubbles. The same precauUons are necessary in using water, with the 
exception of the filtering. 

5. The Scotch waltzer consists of a figure cemented to a convex leus 
or watch-glass. The glass is placed on a glass plate or porcelain tablet, 
and a drop of water put between the glass and tablet ; on inclining 
the latter slightly, the glass with the figure turns half aronnd, and by suc- 
cessively inclining the glass to different sides, the figure may be made to 
keep ap a constant and pretty rapid rotation. Gonsiderable practice is 
necessary to make this experiment successfully. 

As it often becomes necessary to pour out of vessels filled with liquid, 
it may be well to mention here that the liquid is prevented from running 
down the side of the vessel by first moistening a glass rod with the liquid 
and then holding it in a Yertical position against the side of the yessel to 
be emptied ; the liquid will follow the rod. 

(6.) EXPEEIMEirrS TJPOH LlttTTIDS. 
[77] Uniform transmission of pressure.-— The fundamental 

law of hydrostatics, that of the uniform transmission of pressure, may 



Digitized by 



Googk 



84 



PH7SICAL EXPERIMENTATION. 



be readilj showa bj the foUowing apparatus. This illostrates also the 
applicatioQ of the \&w in Bramah's press and saves aa expensiye model 
of this instrament It is shown ia plan and section in figs. 118 and 119, 
of j^ the natural size. 

Fig. 118. 




Fig, 119. 
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In the table MN is inserted the iron plate a a, on which are the two 
cjlinders AB of gan metal ; A is exactlj 6 times the diameter of B, and 
the two are connected bj the tabe G with its cock D. In each cjlinder 
is a metal piston, of which the larger is hollow and open above ; these 
are gronnd so accnratelj that the larger, when set into rotation, will tnm 
round several times freelj in the cjlinder, and jet fit air tight ; thej must 
not be greased, but before each experiment the cjlinders and pistons 
must be wiped clean with linen to remore the dust. The pistons are con- 
nected with the levers OHhj the jointed rods E F\ these levers are of 
eqaal length and hinged to the cross-piece I carried bj the iron column K, 
which again rests on the semicircnlar iron arch L springlng over the tube 
C\ the arch is fastened down to the base bj the two plates h b. All the 
joints are well fitted and gronnd with emery, so as to have an easj and 
jet steadj movement Undemeath the small cjlinder B is fixed the snc- 
tion tnbe with the valve-piece p screwed to it ; the valve can be opened 
from withont bj the rod e. On the base plate are also the fonr colamns 
dddd cfirrjing the cross-plate B ; they, as well as B, maj be of wood ; 
in this case thej are bored throngh and an iron rod introdnced, which, 
bj means of the nnts eee, holds the plate B to the base plate. 

In nsing the apparatns, a snitable water-vessel is placed beneath the 
table, the pistons removed, and the cjlinders connected bj the cock and 
filled np to the small openings// with water, (/ on the smaller cjlinder 
can be closed with an iron pin.) In replacing the pistons, the air escapes 
throngh/, and after the levers are a^justed the valve is raised far enongh 
by band or bj a wire to allow water to escape nntil both levers are hori- 
zontal. Water maj be drawn up from the snbjacent vessel bj raising the 
piston above the opening/. To remove the air entirelj, watcr is pumped 
up by the smaller cylinder nntil it appears at/, when the lever is rendered 
horizontal by opening the valve. At the outset, the tare of each lever, 
with its piston, is estimated by snspension from a common balance at the 
points g g, and the weight calcnlated which must be laid on the 
lever of the larger piston to resist of itself the pressure of the -^0^*0. 
, smaller. In this tare is included for each lever a hook, as in 
fig. 120, with a small scale-pan. After restoring equilibriam 
in this way, each addition of weight to the small piston will 
reqnire 36 ümes as much on the large piston, since the two 
levers have the same proportion. In this way the uniform 
transmission of pressure by weight can be very readily shown. 

If now the cock D be closed and the small piston with its lever 
removed, the opening / of the cylinder B closed, and the glass tube 
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Fig, 122. 



R E, fig. 121, with its brass cap S, screwed to tbe small cylinder, then 
this can be fiUed to any desired beight above tbe surface of tbe water in 
tbe large cjlinder ; tbese heigbts are marked from 1 to 3 
Fig. 121. feet on tbe tube. By calculating tbe weigbt of a column of 
water of tbe same beigbt and of tbe diameter of tbe cylinder 
Af and dedacting tbe tare, we sball know wbat weigbt 
accordiDg to tbe leverage is to be applied to tbe large pia- 
ton to bold tbe water in tbe small tube in eqailibrram after 
opening tbe cock D. All tbese calculations are easj, 
as tbe diameter of tbe larger piston is 3 incbes, of tbe 
smaller 5. 

Agaia: close D, and, by raising tbe ralve (7, let the 
water mn out of tbe small cylinder to be- 
low /, replace tbe piston and lever and 
remove tbe lever H and the rod F\ a 
block of beecbwood, fig. 122, whicb fits 
well on tbe sides and bottom of tbe pis- 
ton, may tben be set on tbe piston of tbe 
large cylinder, and any object to be pressed 
be introduced between it and tbe cross- 
beam E. By properly working tbe cock D and tbe lever 
Of more water can be pamped into tbe larger cylinder, and 
tbe application of tbe law of uniform transmission of pres- 
sure to tbe bydraulic press be thus demonstrated. 

Witb sucb a model, a pressure of some bundred weigbt 
may be exerted witbout injury; indeed tbat of 10,000 Ibs. 
migbt be applied, but for tbe danger of bending tbe iron 
base plate, by wbicb tbe pistons might lose tbeir easy work- 
ing. In tbe demonstration, the amount of the pressure 
actnally exerted is indifferent, its relation to tbe pressure in 
B being alone important ; bence it will be well as soon as A 
actually exerts a pressure, to replace the band on tbe lever 
^ by a corresponding weigbt. 
The apparatus is emptied after use, by opening tbe valve c* 
The simplest form of apparatus for tbis experiment is a strong tin ves- 




* Link, instrument-maker to the üniTersitj of Freiburg, makes this apparatus 
▼erj handsomelj for aboat 60 florins, ($20;) whereas a model of a hjdrostatie 
press costs from $16 to $80, aud canuot be used for general demonstration of the 
law. 
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Fig, 124. 



sei with two cjlindrical apertares, as Fig. 123. 

Seen in fig. 123. These apertores are 

closed with good corks, the narrower 

one being long and cjlindrical; the 

other must not be set in more tban 

a line, nor hold too tightlj. If the 

Tessel be filled with water, and the 

smaller cork driven in saddenlj, the 

other will be forced out. Another ves- 

sel may have both apertnres above, or 

Instead of the second tobe, two small 

holes maj be made, in the side or top, 

and looselj stopped with wax. 

[T8] The anatomical Siphon.— Pro- 

care a tin vessel, fig. 124, consisting of two 
parts, Ä and B, the former with a rather stont 
rim. Into the narrow leg is cemented a glass 
tabe of any length ; over the larger is tied a 
piece of fresh hog's bladder, after being filled 
with water to the brim. Care must be taken 
to have no air between the bladder and the 
water. Should the bladder be sunken in, water 
mnst be poured into the other leg, nntil it is 
raised up, after which it must be drawn tightly 
round the edge of the vessel, under several 
turns of thread, and then tied down securelj. 
On filling the narrow tube with water, the 
bladder will be stretched, and driven upward, 
so as to show the muscular fibers crossing each 
other. Bj lajing a board upon the bladder, a 
weight can be imposed, corresponding to a 
column of the height of the water in B and 
the diameter of Ä. On piercing the bladder 
with a needle, the water will escape, although 
with a jet not at all corresponding to the 
height of pressure, the opening being too 
small. 

[79] The hydrostatic bellows is, 

however, a much more convenient apparatus. 
Two circular boards of hard wood are con- 
nected bj a Strip of good, strong leather, 5 inches broad, ^g, 125. The 




Fig, 125. 
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Fig. 126. 




Fig. 12T. 



Upper board, near the edge, is provided with a conical aperture to receive 
a brass screw, fig. 126. The boards are first well painted, and the leather 
stretched tightlj over them secared in positiou by a fewr 
tacks. At the seam, which is tarned inward, the wood 
is cnt out a little, and in the Joint is placed a mixtnre 
of was and lard, with which, well heated, the leather 
also is satnrated. Strips of leather, of width eqaal to 
the thickness of the boards, are now bound round them, 
and OTer the other leather, by means of a double row 
of nails, driven close together. The brass screw, fig. 
126, is now screwed into the top board. The bellows are* 
filled with water, throngh the hole in the screw, into 
which is screwed a glass tube, as represented in fig. 121; any weight may 
now be placed on the top board, and from the height to which the water 
rises in the tube, and the diameter of the base, we may calculate the 
weight. The weight applied must be equal to that of a column of water, 
with a diameter equal to that of the bottoni, 
and a height equal to the distance which the 
water rises in the tube. 

[80] Pressure upon the base.— Be- 

sides the apparatus of Haldat, that of Pascal 
may be recommended, as afifording the oppor- 
tunity of measuring the pressure directly by 
weights. The following is a convenient form 
for its arrangement : — 

ABC, fig. 127, is a triangulär board, with 
leyeling screws, on which Stands the metal 
cylinder D, fig. 128. This is smoothly bored, 
and contains a piston E, fitting water tight, and 
of such thickness as to go entirely below the 
cock F. In the bottom of the cylinder is an 
opening for the admission of air, as otherwise 
the piston would not be movable. The piston 
has a hook to allow of its being attached by a 
wire to one side of a pair of scales, while the 
apparatus Stands on the experimenting table. 
The glass yessels Hff, figs. 128, 129, and 130, 
of yarious forms, but of nearly equal height, 
may be screwed on the cylinder D, by means 
of the brass fittings, g g g. An equal height 
above the base is marked on each. 




Fig, 128. 
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In nsing the apparatas, the piston E is first saspended freelj from the 
balance bj its wire for the parpose of tariag it; it is thea broaght back 
to its place and the cjlindrical ves- 



Fig, 129. 



Fig. 130. 





sei H screwed ou, the piston again 
attached to the balance, and the 
board ABC arranged directly 
ander the hook. The wire mnst 
be long enoagh to allow the bal- 
ance to stand horizontallj, when 
the piston is abovo the cock F. 
Water is now ponred in np to the 
mark, and in the opposite scale of 
the balance enongh weight added 
to preserve eqnilibrinm. If desir- 
able, we may note the weight at 
which the piston begins to sink, and that at which it commences to rise 
again, so as to obtain the mean, and to eliminate the very slight friction. 
The piston shonld not be greased, bat fit tighly withont ; in any case, oil 
most be nsed and not lard. The wire is now unhooked, and the piston 
allowed to sink below the cock Fy throngh which the water escapes. The 
same weight which was necessary for the cylinder of uniform dlameter 
will also maintain eqnilibriaai when any other yessel, as H^ is employed. 
No experiment for estimating friction can be made with these yessels, as 
the height of the column of fluid varies with the motion of the piston. 
We may also calculate beforehand the required connterpoise from the 
diameter of the base and the known depth of the piston below the mark. 
If the one vessel be actually of equal size with the cylinder, the water in 
it may be ponred into the opposite scale 
to show that the pressure on the bottom 
is really equal to the weight of the mass 
of water which was in the cylinder. In 
this case, however, we must not overlook 
the weight of the other pan which is 
attached in order to hold the water. 

Ealdafa apparatus depends npon the 
law of the equilibrium of various liquid.«) 
in communicating vessels, and there* 
fore only admits of an indirect esti- 
mation of the pressure on the bottom. 
It is represented in fig. 131. In a box of tin is fnstened the beut glass 
tnbe abCf which, on the one side, projects above the box, and on the 



Fig. 131. 
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Fig. 132. 



other, ends in an iron cap with a stopcock r. The tnbe is filled wlth 
mercury nearlj up to the cock. On the iron cap can be screwed the 
cjlindrical vessel d, which is filled with water, and the height to which 
the mercnry is driven in the other leg indicated bj the slide p. Tf 
other vessels than d be screwed on and filled with water np to tbe 
same height, the mercury will always rise as before to the point p, 

Since the vessels which are attached instead of d are never high, and 
the mercury cannot be raised above the cock, it is well to pour a litUe 
colored water in the tnbe n as an index. 

[81] The upward pressure of water.— in this experiment, 

we may make use of the glass chimney of a lamp, fig. 132. 

The lower edge is ground even and finished with fine emery. 

For the bottom we may take a piece of plate glass t, which 

is cut round and then ground even on another plate with 

emery; a string is cemented to it with sealing-wax. The 

string is easily torn off from this glass plate ; it is there- 

fore better to make it of brass. A rounded brass plate is 

cemented to a piece of wood turned round and even, and 

then ground plane. When this is done, a hole is bored 

through the middle, a screw cut, and a 

hook inserted. Thehook, in place ofbeing 

screwed in, may be riveted. 

In using the apparatus, no grease must 
be allowed between the plate and the edge 
of the glass cylinder, as this would prevent 
the plate from dropping off from the tube 
when drawn gradually out of the water; 
and also when water is poured into it, 
unless the water was raised higher within 
than withont. To make the apparatus 
neater and more durable, it should be fur- 
nished with brass mountings, as seen in 
fig. 133, which shows also the mode of 
making the experiment.^ 

[82] Communicating vessels.— 

Two glass tubes of different diameters (the 




Fig. 133. 




* All these experiments actually indioate one and the same law. Everj teaoher 
will, howeyer, have alreadj leamed bow difficult it is to convey to scholars so 
clear an idea of the pressure of Trater as to enable them to applj it to all cases. 
It is therefore not at all superflaons to illustrate the law bj the most yarled 
experiments. 
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least not more tban ^ inch) are cemented into a base of tin, a b, 

fig. 134. To emploj mercarj and water, an arrangement like that of 

fig. 135 is nsed. The 

tnbe is about J inch ^^' ^^^• 

in diameter. The 

mercarj is first in- 

trodnced by means 

of a funnel into the 

long leg and then 

the water. The 

amonnt by which the 

height of mercnry in 

one colnmn exceeds that in the other is 

to the height of the colnmn of water 

inversely as the specific gravities. 

The experiment is also instmctive in 
another form, in which a partial yacnnm 
is created simnltaneonsly in two tnbes 
connected together and standin g in dif- 
ferent liqnids. The liquids will rise to 
a height inversely proportional to their 
specific gravities. The best way of 
making the experiment is, according to Mohr, to pass the ends of the 
tnbes throngh a cork tied (fig. 136) into the mouth of an india-mbber 
bettle. The bottle is pressed together with the hand, and, retnming by 
its own elasticity, sncks np the liqnids. A rnde scale may be marked on 
the tnbes with indian-ink. 

[83] Floating bodies. — To demonstrate the law, that the center 
of gravity of bodies immersed in water, when it does not coincide with 
that of the water displaced, mnst lio deeper than this, a piece of lead 
may be cast in a cork, and so adjnsted that the specific gravity of the 
mass shall be eqnal to that of water. This is easily attained ; bat nnless 
the cork selected be very free from cavities, it will not long remain so. 

To show that the center of gravity of a body floating on water does 
not necessarily he deeper than that of the water displaced, bnt that its 
Position at the same time will not be arbitrary, we may make nse of two 
elliptical rollers, one of them constmcted of very light wood, and the 
other of a cork ^ to 2 inches in diameter. Snch rollers are in stable 
eqnilibrium only when the short axis of the ellipse is vertical. The place 
of the metacentmm may also be marked npon the base, if it be deemed 
expedient to go into such minntiee. 
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Fig. 137. 




It may readily be shown by the following experiment, that nnder cer- 
tain circomstances the center of gravity of floating bodies may be at rest 

in two positioDs. A piece of thick 
brass wire or a cylinder of lead is in- 
serted in a large cork, as shown of 
half size in fig. 137, half-way between 
center and circumference, and near 
the opposite side a thinner wire. If 
it be rightly arranged, the cork maj- 
float with the larger wire upper- 
most ; but when shaken very ronghlj, 
it will turn over. If the thick wire be too heavy, it may be remedied by 
cutting the cork and filing. For the cork in fig. 137, the large wire 
weighs 33 grammes, and the smaller 10 grammes. 

To show that a floating body sinks deep enoagh to displace an amoant 
of water equal to its own weight, take a tin vessel 2 or 3 inches in 
diameter, with a lateral outlet near the top ; fill this with water until it 
runs over. A floating body of considerable size is then laid in the water, 
and the amoant displaced caught as it escapes from the tabe, and meas- 
ared or weighed ; this weight will be found equal to that of the body as 
previously ascertained. A piece of wood or a properly loaded glass bulb 
will be best for the float. Great care is required in this experiment. 
[84] LOSS of weight in water. — The apparatus shown in fig. 138 

Fig. 138. 

N 




is intended for the demonstration of this law. It consists essentially of 
a hollow cylinder c, which can be suspended from a pan, and has beneath 
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a hook on which can be hang the solid cylinder p, fitting exactlj in c. 
The two cjlinders are now sospended on one end of a balance, after 
removing the scale-pan, and eqailibriam restored bj means of weights. 
A Tessel of water is next set anderneath, in which the cylinder p is 
entirelj sabmerged ; the eqnilibrium will again be destrojed, bat restored 
bj exactlj fiUing c with water. The vessels may be made by the tinner; 
bat it will be best to constract them of brass, and tarn them so that p 
shall fit accarately in c. 

A second yery instructive experiment may be made with the same 
apparatas. A glass of water is balanced in one scale after the cylinder c 
has been suspended from the other. On saspending p in the vessel of 
water by means of a string held in the band or attached to a stand, eqai- 
libriam will be distarbed, and again restored by fiUing c with water. 

C85] The Cartesian devil. — A glass bulb, i to ^ inch in diame- 
ter, with a little tabe terminating in a fine apertare, 
illastrates the principle of this experiment mach better ^^' 

than the ordinary figares made of opaqae, colored glass. 
Both the halb and figares are filled by gentle warm- 
iDg with a spirit-lamp and sabseqaent Immersion of the 
apertare in water. The halb shoald float near the sar- 
face, and any excess of water may be removed by 
suction. When the bladder tied across the top of the 
yessel, fig. 139, is pressed apon, the halb will sink, re- 
tarning when the pressare is remoTed. When the 
apparatas is intended to be permanent, the water is 
mixed with alcohol, and the bladder replaced by india- 
rubber. 

[86] Determination of specific gravity, («.) wuh the bai- 

ance. — The general mode of procedare is well kaown, and the precaations 
necessary in weighing will be foand ander the description of the balance. 
The finest possible wire mast be employed, and, if the weight of the body 
allow it, a haman hair, with the oil removed by lye. In either case, the 
weight of the wire or hair mast be ascertained. An nnavoidable error in 
this method lies in the fact that the loss of weight of the hair in water is 
ascribed to the body weighed. This error may indeed be avoided by 
placing the body in qaestion in a glass vessel with groand cover, as is 
done with powders which are to be determlned. Nevertheless, as the 
sensibility of every balance decreases with the load, the possible error of 
weighing thas becomes greater, and alone may exceed the slight loss of 
weight of the body. Thas a greater error will in general be incarred 
than the one intended to be avoided. 
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For pnlyernlent or soft organio sabflUnces, a Binall bottle with ^roond 
Stopper mast be nsed; for l&rger massea of soft consistency, a seale-pui 
rospended bj the finest thread, the absolate weight of which = p and its 
specific gravitj =s bare been previouslj ascertained. If the weig^ht of 
the bodj be p', and the loss of weight of the whole System n, the specific 

gravity of the body wiU be =^^"7^. 

Bodies lighter than water are attached to a heavier body whose weight 
and specific gravity are known ; the loss of weight of the heary body, 
sübtracted from the loss of the whole System, g^ves the loss of the lighter 
body. 

For liqnids, we make ose either of a glass vessel with ground cover, er, 
still better, of one with narrow neck and a thermometer tnbe grouad in 
as a Stopper. In the first case, the edge of the glass and the coTer are 
gronnd with sand and water on a plane glass plate; when the sand 
has cnt everywhere nniformly, levigated emery is employed, and the two 
gronnd on each other. If a stopper is to be gronnd in, the neck of the 
glass mnst first be gronnd ronghly by means of a conical brass tap on a 
lathe. The glass tnbe, drawn into a conical shape in the lamp flame, is 
then fastened in a chnck on the lathe, and gronnd in the neck of the 
vessel with sand and emery. 
The latter process is mnch more difficnlt than the former. In anycase 
the vessel mnst be as light as possible. The ^ _ 
weight of the vessel when empty, and also when 
fiUed with water of a given mean temperatnre, 
say 60° F., are ascertained by repeated experi- 
ments, and marked on a card attached to the 
apparatns, or eise scratched on the glass. 

In the case of liqnids which evaporate readily, 
as alcohol, the wide-monthed vessel is not a 
convenient one, as the liquid presses out between the vessel 
and the cover, and evaporates copioasly over the large snr- 
face ; in conseqnence, small bnbbles form on the inner wall of 
the vessel, and when the weighing is nearly completed, addi- 
tional weight mnst be continnally taken off. If a glass ves- 
sel with narrow neck be not at hand, we may weigh some 
insoluble body in the liqnid, and then in water, thns obtaining 
very accnrate resnlts. In this case, it will be best to use a 
massive piece of glass, or a glass halb, an inch in diameter, 
fig. 140, which, before sealing np, has been loaded with mer- 
cury. Instcad of a halb, a glass tnbe, fig. 141, 1^ to 2 inches 



Fig. 140. 
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142. 



Fig, 143. 



long, aDd ^ of an inch wide, maj be emplojed. It shoold be saspended 
bj a very fine platina wire, to admit of the determination of acids. The 
weight of the halb in air and in water of giyen temperatnre is ascertained 
and marked down, so as to render only a Single weighing necessarj. It 
is convenient to have a piece of lead which exactlj balances the halb in 
the air ; when this is immersed in a liquid, the weight placed in the 
shorter scale-pan giyes directly the loss of weight. Uader all circam- 
Btances, care mnst be taken that no air-bnbbles adhere to the body 
immersed. Gareful cleansing with alcohol, if necessary, and previons 
wetting in another yessel of water and passing a camePs-hair pencil over 
the snrface, will generally secnre the desired 
end. The method just described has the ad- ^^' 

Tantage of requiring very little of the liquid, 
which is often desirable. Minute quantities 
may be weighed in a little pipette, like fig. 142, which is filled by suction. 
A new pipette mnst be employed for every different liquid. 

[87] (6.) With NichoUon'8 areonieter. — In the arrangement of this 
apparatus, it will be fouud conyenient if the siere in 
which bodies are placed in weighiug can be suspended in- 
verted, in order to admit of bodies which are lighter than 
water beiug placed uoderneath; this may be done in the 
form represented in fig. 143. When it is intended not to 
nse the areometer for liquids, it is made of thin brass plate, 
and care must be taken to have the body conical at a, other- 
wise it will sink too suddenly when over- 
weighted. When the Instrument has once sunk ^^9- 1*4. 
to the pan 6 so as to wet it, it must be dried ; 
but to avoid this trouble, as well as to prevent 
the eontact of the Instrument with the sides of 
the glass, a wire fork, as in fig. 144, is laid 
across the top of the vessel so as to embrace 
the stem. 

The sensitiveness of the Instrument depends 
upon the delicacy of the stem c ; to have this 
therefore as thin as possible, it is constructed of hard, drawn brass wire, 
screwed into the body, and soldered with soft solder, to make an air- 
tight Joint The mark in the center of the stem is a fine file Scratch, 
running entirely around. 

Body, pan, and sieve are made of equal width, so as to be kept in one 
paper case. The sieve and bulb are kept in a special division. The 
proportions of the Instrument must be such that, when empty, it shall not 
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sink to the upper cone, and, when sank to tbe mark, the limit of stable eqai- 
librium shall be nearlj reached, so that tbe greatest capacity may be 
obtained in proportion to its dimensions. Witb tbe dimensions given in 
tbe figure, tbis will be attained wben tbe brass ased does not weigh over 
0'5 gramme to tbe sqnare centimeter ; it is redaeed somewbat in tbickness 
bj finisbing witb pnmice-stone on tbe latbe. A ebeap Substitute for the 
brass instrument may be made of a medicine pbial, by filling tbe cavitj 
Fia 145 ^^ ^^® bottom partially witb sealing-wax, and inserting tbe 
Stern in tbis; shot are inclosed in tbe pbial safficient to 
cause it to float ereet tbougb entirely submerged, wben 
weigbts are laid on tbe pan. Tbe cork is tben pared off 
smootb and covered witb sealing-wax. Fig. 145 sbows 
sucb an areometer. Tbe substanee to be weigbed is laid in 
tbe cavity of tbe bottom. 

For eacb instrument, tbe weigbt required to sink it to the 
mark at a given teniperature must be accurately ascertained 
and marked on it; it will tben be only necessary for obtain- 
ing tbe weigbt of tbe body in air to deduct tbe additional 
weigbt required to bring the stem down to tbe mark from tbe aboye 
quantity. 

All tbese Instruments are more or less inert, i,e, witb tbe same weigbt 
tbey remain at dffferent deptbs in tbe water. Tbe weigbt must tberefore 
be so adjusted tbat tbe instrument »ball oscillate to equal distancea aboye 
and below tbe mark. Tbis is easily done by gently raising and sinking it 




Fig, 146. 



Special care must be taken to remove air-bubbles from 
tbe boles of tbe sieve, wbere tbey are very apt to adbere witb 
great tenacity. 

To use tbe areometer for bodies ligbter tban water, tbe 
sieye is inverted, as in fig. 146, and tbe body placed under 
it. To use tbe instrument for liquids, weigbt tbe pan nntil 
it sinks in tbe mark to tbe test liquid. Its entire weigbt 
(wben not loaded) and tbe tare are marked on it. 

In all tbese experiments, observations of temperature, 
and the consequent corrections, are indispensable. For sim- 
ple instruction, bow^yer, tbis may be passed over, as tbe 
error arising from tbis Omission cannot easily amount to a 
Unit of tbe second place of decimals, and tbe coincidence 
of an experiment witb a table of specific gravity is sufißcient, 
if it reacb to tbis place. 

[88] (c.) The graducUed areometer, The volumeter. — 
To explain tbe tbeory of tbis Instrument, take a tbin glass tube of as 
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nnifona diameter as poasible, about 1 centimeter in thlcknefis and from 8 to 
4 decimeten in length. Close it below, make the bottom eyen, and widen 
the npper end slightlj, to take off the sharpness. Place tbis in water, and 
load it with shot and some waz, until it swims Tertica]]y. Dinde the re- 
maining spaee into two parts, a b, ^g. 14T, and c d into 100 equal parts, to 
be laid off on a slip of paper, and continned over the Space a c. 
When the nambers are properlj marked, cat awaj the lowest, y^ Fig. 14*7. 
er -fff, and attach drops of sealing-wax to the four cornera of 
the Strip, which must be aboat h^f as broad as the circumfer- 
ence of the tnbe. The paper is now bent over a thermometer 
tube, and pnshed into the tube until the handredth division comes 
opposite to c ; it is then attached, by gently warming the tobe 
opposite to the Corners of sealing-wax. A cork, prenonsly 
coated with sealing-wax, is then placed in the apertnre. The 
loading of the tube is so arranged that the scale sinks to the han- 
dredth mark, when immersed in water at the temperatnre assumed. 
To obtain an extended ränge, it will be necessary to have two 
instmments, one for heavy, the other for light liqnids. In the 
case of the volameter for liqnids heavier than water, the scale 
may be made directly; for the lighter, however, it will be neces- 
sary to take a liquid whose density, as determined by the balance, 
is 0'8. The point to which the yolumeter sinks will then be 
125, and the interyal between the water-mark and the other is 
to be dirided into 25 parts, and the remaining space on the 
same scale. Tolerably wide tubes are necessary in this mode 



of construction, and the degrees obtained 
are short; they may be conveniently re- 
placed by narrow tubes, and larger divi- 
sions; for this, however, it will be neces- 
sary to have a bulb at the lower end. It 
will be found cheapest to purchase such 
Instruments; they should, nevertheless, be 
tested before using them. This is done 
by Immersion in a liquid of known specific 
gravity, and observing — (1) whether it 
indicates the same specific grarity; (2) 
whether it sinks to the proper mark in 
pure water ; (3) whether the degrees are 
all equal. In order to be quite certain 
that the tube is eyerywhere of the same 
thickness, it must be tested in seyeral 

7 



Fig, 148. 
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liqoids of known specific gravities. Howeyer simple, theoretically, the 
Yolameter may be, it is not so in practice, and can never come into 
extensive ase, as it always requires some calcalation, even if quite simple, 
and promises no greater accaracj than the areometer, which is divided 
directly for specific gravity — only the accnracy of its gradnation is more 
easily controUed. The foUowing method is to be employed for areometera 
of nneqaal divisions. 

[89] Testing areometers. — The gradnation is laid down on thick 
paper, on a somewhat larger scale than conld possibly be nsed for an 
areometer. On the entlre scale is constrncted an isosceles triangle, fig. 148^ 
and a straight line drawn from each division to the apex To prove an 
areometer scale by this triangle, lay it npon the triangle parallel to the 
base, and at such a part that the extremities of the scale rest on the 
two sides of the triangle. If graduated properly, the division of the 
scale will also correspond to the lines of the triangle. It will be conve- 
nient to draw lines on the triangle, parallel to the base, at short in- 
tervals. Fig. 148 represents this for the alcoholometer of Tralles. 

Fig. 149. 

♦ m 




[90] The graduating apparatUS. — The gradnation is effected 
by instrament-makers on the same principle as that just stated, and it is 
easy to constrnct a more or less perfect instrnment of this kind. On a 
solid, stout plate of seasoned wood, M N, fig. 149, the wooden strip a b 
rotates on the pin a, having at the other end b the steel edge c d perpen- 
dicnlar to M N, The strip e f is attached to the edge opposite a ; it 
has a slit in which a brass or iron bar can be fastened by two screws, g h. 
There are several similar strips baving along their edge some one of the 
usual nneqnal graduations ; one is divided into eqnal parts. 

The mling board A B can be slid on the plate M JV, and nnder the 
Strip a b\ it is kept constantly parallel to e f hj the two gnides 
mnijnn, and may be fixed at any point by the two screws, p q. Into 
this board is let the broad iron ruler Z, which can be moved along 
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in a rabbet hj means of the strip a 6, and a pin riyeted to I; it must 
move easOj, bnt alwajs maintain its direction perpendicnlar to e f. 
Beneath tbe rnler is a depression in A B, in which the scale to be divided 
is laid. An additional arrangement may be attached to tbe raler, for the 
pnrpose of scratching or marking off the dlTisions, when this mnst be 
done more accnrately and rapidlj than bj band. 

Now, if such an instniment as the alcoholometer of Tralles is to be 
gradaated, its loading is so arranged that in water it shall sink to a, 
ßig, 150, after the paper with its sealing-waz comers has already been 
slipped into the tnbe. The approzimate length of the tabe is p^^ ^^q 
uscertained bj a previons ezperiment Alcohol of a known 
specific gravity is next taken, and its percentage of pure 
spirit ascertained from a table; tbe areometer is placed in 
it, and the point to which it sinks marked : snppose the spirit 
to be 80 per cent. and c the point The proper temperatnre 
of the liqnid is indicated by the zero of tbe inclosed ther- 
mometer, which has a pecnliar gradaation. The length a c 
is taken off on the paper strip, which is then laid on the 
mling board A B of the gradaating machine at snch dis- 
tance from the brass strip e f (IVaZZes') that when the 
Strip a b moves from to 80, the rnler l traverses the space 
between the two marks on the paper. The strip a 6 is then 
broaght back, so that c d clicks in the notch marked 0; it is 
then carried from division to division, and corresponding 
marks made on the paper strip by means of the rnler L 
After the gradaation has been completed, the paper is fixed 
properly in the tnbe again, the corners melted fast, and the 
top of the tnbe fnsed together withont any loss of glass. In ascer- 
taining the arbitrary bat tolerably eleyated point c of the scale, a 
normal instmment is generally made nse of, instead of determining the 
specific grayity of the alcohol employed by the balance. 

[91] TraUes' hydrometer, besldes Tralles' scale, nsnally has 
a second one, giving percentage of weight of the alcohol; to this the 
thermometer melted in the wide part of the areometer has reference. It 
has its zero at 60° F., and is gradnated to Single degrees. They are so 
large that when the temperatnre of the liqnid is higher or lower than 
the normal by n degrees, the instmment shall stand higher or lower, 
inversely, by n degrees of Richter's alcoholometer, than it wonld at the 
normal temperatnre. In this case, we first read off the otherwise nseless 
Kichter scale, and then see what degree of Tralles' corresponds to that 
of Richter thns ascertained« 
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As these instraments are rather loog, it will be necessarj to have hl^h, 
narrow cylioders to contain them. A form like that in fig. 151 will be 
foaod yerj convenient for readiog off, when the yessel is nearlj fall The 
usual form of the Bichter's scale rests upon incorrect assumptions, and, 

in fact, does not coincide with the tme per- 
centage of alcohol; for this reason it is 
only useful for the above-mentioned cor- 
rection. 

[92] The areometers of Beck, 
Beaume, and Cartier have entireiy 

arbitrary scales, with degrees of eqaal 
length. These, by the aid of a table, 
may, likewise, be used for ascertainin^ 
specific grarity; such tables are to be 
found in most of the works on physics. 
Their constmction is easily intelligible, 
from what has already been said on the 
snbject, when we know their arbitrary fixed 
point. They are best tested by means of a 
liquid of known specific gravity, with the 
assistance of the tables referred to. 

Beanme's areometers are made in the 
following way : the one for liqnids lighter 
than water sinks to zero in a Solution of 1 
part of common salt in 9 parts of water, and to ] in pure water; the inter- 
val is divided into 10 equal parts, and 40 such degrees marked above. The 
other, for liqnids heavier than water, sinks to zero in pure water, and to 
15 in a Solution of 15 parts of salt in 85 parts of water; the interval is 
divided into 15 equal parts, and 70 added below. The temperatnre 
taken is " the mean temperatnre of the air." On this account, and the 
impurity of the salt, these Instruments are not yery accurate, and scarcely 
indicate the specific gravity correctly to the second place of decimals. 
The table annexed is according to Francoeur. 

The starting-point in Cartier's areometer is still more nncertain ; the 
degrees are sqmewhat longer, and the whole scale Stands ^^ deeper. 
According to Francoeur, 16° Cartier =15° Beaume + 22. 

Beck's areometer is at zero in pure water, and 30 at the specific gravity 
of 0-85, (water = 1;) the temperatnre is + 54 5° F. 

[93] Specific gravity areometers.— The graduation of are- 
ometers for immediately indicating specific gravities was formerly very 
difficult, and for that reason the Instrument was not in much favor. As, 
howerer, we can obtain the specific gravity from the volumeter scale, fig. 
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162, when in tbe equation y= , we Bubstitute for x the various read- 



X 



100 



ings of the volumeter, so inversely we can from x = — - find the points 



Fig. 152. 




of the Tolumeter scale a h corres- 

ponding to the specific grayity ; that 

is to say, the points of a scale divi- 

ded into 80 parts, bat bearing nnm- 

bers from 50 to 130, where the point 

50 corresponds to a specific gravity 

of 200, and 100 to 10 ; calculating 

in this way the divisions of the scale 

for the specific gravities 1-9, 1*8, 

etc. to 7, we shall find as parts 

of the scale 5263, 5555, 5881, 

62-50, 66 66, 7143, 7692, 83-33, 

90-90, 10000, 11111, 12500, 

142-85. This table mnst. how- 

ever, be calcnlated for the specific gravities to the second place of deci- 

mals. The proportional parts are transferred to the normal scale, having 

given to it such a length that, for gravities of from 2 to 1, the nnmbers 

most be carried out, at least to the second place of decimals, and from 1 

to 0-7, to the third. This ränge is always divided between two areom- 

eters, constmcted as directed for Tralles' alcoholometer. 

All this presnpposes a perfectly cylindrical tnbe ; bat as this is never 
realized, these areometers will not give the specific gravity exactly, anless 
constmcted according to the very elaborate process of Brisson and 
Schmidt. The same difficnlty exists in reference to all other areometer 
scales, that of the volnmeter not excepted. With a little care in the selec- 
tion, tabes good enongh for ordinary ase may be procared, and those who 
reqnire absolate accaracy, will always have recoarse to the balance. 

The following table contains the distances of the divisions for specific 
gravity areometers, and those of Tralles. In the first table, the length of 
the scale, that is, the base of the isosceles triangle, fig. 148, or the length 
of the Strip on e /, fig. 149, is considered as divided into 5000 parts for 
liqaids heavier than water, and into 4285 for those lighter. The table 
then indicates at what point of this division any specific gravity occars. 
In the latter, the gradaation is possible for the third place of decimals ; 
the interval, however, is divided into eqaal parts only, as no error worth 
noticing can occur. The table itself shows this, for it contains the divi- 
sions to the third place, for the extreme case, specific gravity 070 to 0*71. 
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SCALE OF 6000 FABTS. 


' 


1 

Spedflo 


'^ISS^' 


Spedflo 


^^SKT* 


SpeeUlc 




2-00 





1-66 


1024 


1-82 


2676 


1-99 


26 


1-66 


1060 


1-81 


2688 


1-98 


60 


1-64 


1097 


1-80 


2692 


1-97 


76 


1*68 


1184 


1-29 


2762 


1-96 


102 


1-62 


1172 


1-28 


2812 


1-96 


128 


1-61 


1211 


1-27 


2874 


1-94 


164 


1-60 


1260 


1-26 


2936 


1-98 


181 


1-69 


1289 


1-26 


8000 


1-92 


208 


1-68 


1829 


1-24 


8064 


1-91 


235 


1-67 


1869 


1-28 


8180 


1-90 


268 


1-66 


1410 


1-22 


8196 


1-89 


290 


1-56 


1461 


1-21 


8262 


1-88 


819 


1-64 


1498 


1-20 


8883 


1-87 


847 


1-68 


1586 


M9 


8408 


1-86 


876 


1-62 


1678 


118 


8474 


1-86 


405 


1-61 


1622 


117 


8647 


1-84 


482 


1-60 


1666 


116 


8620 


188 


464 


1*49 


1711 


116 


8695 


1-82 


494 


1-48 


1766 


114 


8771 


1*81 


624 


1-47 


1802 


118 


8849 


1-80 


666 


146 


1849 


112 


8928 


1-79 


686 


1-46 


1896 


111 


4009 


1-78 


617 


1-44 


1944 


MO 


4090 


1-77 


649 


1-48 


1998 


1-09 


4174 


1-76 


681 


1-42 


2042 


1-08 


4269 


1-76 


714 


1-41 


2092 


1-07 


4846 


1-74 


747 


1-40 


2148 


106 


4488 


1-78 


780 


1-89 


2194 


1-06 


4628 


1-72 


818 


1-88 


2246 


1-04 


4616 


1-71 


847 


1-87 


2299 


1-08 


4708 


1-70 


882 


1-86 


2862 


102 


4803 


1-69 


917 


1-86 


2407 


1-01 


4900 


1-68 


962 


1-84 


2461 


1-00 


6000 


1-67 


988 


1-88 


2618 
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SCALE OF 4286 FABTS 




Spocfflo 
grarity. 


^^SXS?.*"* 


Bpflclflc 


OoiTMpondlng 
diT&ion. 


Speciflo 
grarity. 


^ST"« 


1-00 





0-86 


1628 


0-73 


8698 


0-99 


101 


0*86 


1764 


0-72 


8888 


0-98 


204 


0-84 


1908 


0-71 


4084 


97 


809 


0-83 


2048 


0-709 


4104 


096 


416 


0-82 


2196 


0-708 


4124 


0-96 


526 


0-81 


2846 


0-707 


4144 


0-94 


688 


0-80 


2600 


0-706 


•4164 


0-98 


762 


0-79 2668 


0-706 


4184 


0-92 


869 


0-78 2820 


0-704 


4204 


0-91 


989 


0-77 2989 


0-708 


4224 


0-90 


1111 


0-76 8167 


0-702 


4246 


89 


1286 


0-75 8338 


0-701 


4266 


088 


1868 


0-74 8618 


0-700 


4286 


087 


1498 
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TABLE FOB TUAUJSB* HYDBOMETEB. 













Specific gravlty. 




DItWod on a 


Watorat 




DlTMoDona 


Waterat 


I>0greM. 


■caleof 


+40 c. = 

10000. 


Degraes. 


Rcalftof 
a607partB. 


+4<»C.= 
10000. 





9 


9991 


51 


735 


9315 i 


1 


24 


9976 


52 


768 


9295 1 


2 


89 


9961 


53 


782 


9275 


8 


54 


9947 


54 


806 


9254 I 


4 


68 


9983 


55 


830 


9234 


6 


82 


9919 


56 


854 


9213 


6 


95 


9906 


57 


879 


9192 


7 


108 


9898 


58 


905 


9170 


8 


121 


9881 


59 


931 


9148 


9 


188 


9869 


60 


957 


9126 


10 


145 


9857 


61 


984 


9104 


11 


157 


9845 


62 


1011 


9082 


12 


169 


9834 


68 


1039 


9059 


• 18 


180 


9828 


64 


1067 


9036 


14 


191 


9812 


65 


1096 


9013 


15 


202 


9802 


66 


1125 


8989 


16 


218 


9791 


67 


1154 


8965 


17 


224 


9781 


68 


1184 


8941 


18 


285 


9771 


69 


1215 


8917 


19 


245 


9761 


70 


1246 


8892 


20 


256 


9751 


71 


1278 


8867 


21 


266 


9741 


72 


1310 


8842 


22 


277 


9731 


78 


1342 


8817 


28 


288 


9720 


74 


1375 


8791 


24 


299 


9710 


75 


1409 


8765 


25 


810 


9700 


76 


1443 


8789 


26 


821 


9689 


77 


1478 


8712 


27 


882 


9679 


78 


1514 


8685 


28 


344 


9668 


79 


1550 


8658 


29 


855 


9657 


80 


1587 


8631 


80 


867 


9646 


81 


1624 


8608 


81 


880 


9684 


82 


1662 


8575 


82 


898 


9622 


83 


1701 


8547 


88 


407 


9609 


84 


1740 


8518 


84 


420 


9596 


85 


1781 


8488 


85 


484 


9583 


86 


1823 


8458 


86 


449 


9570 


87 


1866 


8428 


87 


465 


9556 


88 


1910 


8897 


88 


481 


9541 


89 


1955 


8365 


89 


498 


9526 


90 


2002 


8332 


40 


515 


9510 


91 


2050 


8299 


41 


588 


9494 


92 


2099 


8265 


42 


551 


9478 


98 


2150 


8280 


48 


569 


9461 


94 


2208 


8194 


44 


588 


9444 


95 


2259 


8157 


45 


608 


9427 


96 


2318 


8118 


46 


628 


9409 


97 


2880 


8077 


47 


648 


9891 


98 


2447 


8084 


48 


669 


9873 


99 


2519 


7988 


49 


690 


9354 


100 


2597 


7989 


50 


712 


9835 
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TABLE OF SPECIFIC GBAVITIES, 

Aooording to Beaume's and Beck's Hydrometers, for liqnids hesvier 
than water, at the temperatore of 64*6'' F. 



Dogreei. 


Beanm«. 


Beck. 


Degraes. 


Beanm«. 


Beck. 





1-0000 


10000 


89 


1-3451 


1-2977 


1 


1-0066 


1-0059 


40 


1-8671 


1-3077 


2 


10188 


10119 


41 


1-8694 


1-8178 


8 


10201 


1-0180 


42 


1-3818 


1-8281 


4 


1-0270 


1-0241 


48 


1-8945 


1-8886 


6 


1-0840 


10308 


44 


1-4074 


1-8492 


6 


1-0411 


10886 


45 


14206 


1-8600 


7 


10488 


10429 


46 


1-4389 


18710 


8 


1-0566 


10494 


47 


1-4476 


1-3821 


9 


10680 


10569 


48 


1-4615 


1-3984 


10 


10704 


1-0625 


49 


1-4758 


1-4050 


11 


1-0780 


1-0692 


50 


1-4902 


1-4167 


12 


1-0867 


1-0759 


61 


14951 


1-4286 


18 


1-0985 


10828 


62 


1-5200 


1-4407 


14 


11014 


1-0897 


53 


1-6863 


1-4580 


16 


1-1095 


10968 


64 


1-5610 


1-4665 


16 


11176 


11089 


65 


1-5671 


1-4783 


17 


11259 


11111 


66 


1-6838 


1-4912 


18 


11843 


M184 


67 


16000 


1-5044 


19 


11428 


1-1258 


68 


1-6170 


1-5179 


20 


11515 


1-1833 


59 


1-6844 


1-6316 


21 


11608 


1-1409 


60 


1-6522 


1-5454 


22 


11692 


11486 


61 


1-6706 


1-6696 


28 


1-1788 


1-1566 


62 


1-6889 


1-5741 


24 


1-1857 


1-1644 


68 


1-7079 


1-5888 


26 


11968 


1-1724 


64 


1-7278 


1-6038 


26 


1-2063 


1-1806 


65 


1-7471 


1-6190 


27 


1-2160 


11888 


66 


1-7674 


1-6846 


28 


1-2258 


M972 


67 


1-7882 


1-6606 


29 


1-2368 


1-2057 


68 


1-8096 


1-6667 


80 


1-2459 


1-2143 


69 


1-8813 


1-6882 


81 


1-2562 


1-2280 


70 


1-8587 


1-7000 


82 


1-2667 


1-2819 


71 


1-8765 


1-7172 


83 


1-2773 


1-2409 


72 


1-9000 


1-7847 


84 


1-2881 


1-2600 


78 


1-9241 


1-7526 


85 


1-2992 


1-2593 


74 


1-9487 


1-7708 


86 


1-8108 


1-2687 


76 


1-9740 


1-7896 


87 


1-3217 


1-2782 


76 


20000 


1-8085 


88 


1-8888 


1-2879 


... 
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TABLE OF SPECIFIC GBAVITIE8, 

Aooording to Beaume's, Beok's, and Cartier's Hydrometers, for 
liqoids lighter than water, at the temperatore of 64*6^ F. 



BegTMi. 


Be»»»«. 


CKtler. 


Beck. 


DegM.. 


Beftumt. 


Otftier. 


Beck. 


1 






1-0000 
0-9941 
0-9883 
0-9826 
0-9770 
0-9714 
0-9659 
0*9604 
0-9650 
0-9497 
0-9444 
0*9892 
0-9340 
0*9289 
0-9289 
0-9189 
0-9189 
0-9090 
0-9042 
0*8994 
0-8947 
0-8900 
0-8864 
0-8808 
0*8762 
0-8717 
0-8678 
0-8629 
0-8585 
0-8542 
0-8600 


81 
82 
88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
60 
51 
52 
68 
64 
55 
66 
67 
58 
69 
60 


0-8742 
0-8690 
8689 
0-8688 
0-8588 
0-8488 
0-8439 
0-8891 
0-8848 
0-8295 
0-8249 
0-8202 
0-8156 
0*8111 
0-8066 
0-8022 
0-7978 
0-7986 
0-7892 
0-7849 
0*7807 
0*7766 
0-7725 
0*7684 
0-7648 
0*7604 
0-7565 
0*7526 
0-7487 
0-7449 


0-8707 
0-8652 
0-8598 
0-8546 
8491 
0-8489 
0-8887 
0-8886 
0-8286 


0-8467 
0*8415 
0-8374 
0-8383 
0-8292 
0-8252 
0-8212 
0-8178 
0-8133 
0-8095 
0*8061 
0-8018 
0*7981 
0*7944 
0-7907 
0*7871 
0*7884 
0-7799 
0-7768 
0-7727 
0-7692 
0-7668 
0-7628 
0-7689 
0-7556 
0-7522 
0-7489 
0-7466 
0-7428 
0-7391 


1 

2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
26 
26 
27 
28 
29 
80 



































1-0000 
0*9982 
0-9865 
0-9799 
0*9788 
0-9669 
0-9605 
0*9642 
0*9480 
0-9420 
0-9859 
0*9800 
0-9241 
0*9183 
0*9125 
0*9068 
0-9012 
0-8957 
0-8902 
0-8848 
0*8795 






1-0000 
0-9922 
0-9846 
0-9764 
0-9695 
09627 
0-9560 
0-9498 
0-9427 
0-9868 
09299 
0-9237 
0-9175 
0-9114 
0-9054 
0-8994 
0-8985 
0-8877 
0-8820 
0-8768 
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Fig. 163. 



[94] Capillarity.— For lllastrating the fundamental facta of capU- 
larity, bent glass tnbes may be employed, as seen in fig. 153, with the 
wider limb half an inch in diameter in the clear ; the eapillary tubes nnited 

to them should be of different degrees of 
fineness, from two lines to that of a ther- 
mometer tnbe, and in series of abont foar 
for water and as manj for mercarj. Those 
belonging to a set may be fastened to a 
board having a gradnation in inches and 
tenths for each tube. For the waterj 
liqoids, a deep bloe, as a Solution of 
ammoniacal oxyde of copper or of indigo 
will be best : whichever be employed, care 
most be taken to wash out the tubes after 
nsing, as otherwise the residuum of the 
Solution, on drying, will choke up the 
tubes, and greatly interfere with subse- 
qnent experiments. The mercurial arrange- 
ment should be kept filled. With liquids 
which wet the glass, the tnbes should be 
inclined toward the smaller limb, so as to 
wet the glasä for some distance ap, otherwise the greatest eleration will 
not be attained. 

For experimenting with glass plates, take two pairs cut from plate 
gfass, from 3 to 4 inches long, and from 2 to 3- broad, and grind off 
their edges. Four pieces of thin sheet brass, of uniform thickness, 
are then laid at the four comers, between one of these pairs, to make 
parallel plates. 

Four other pieces of sheet brass, two of them the thinnest procurable, 
the others 1 or 2 lines thick, will enable us to give the remaining plates 
an inclination to each other; each pair may then be bound around several 
times with waxed thread. The same liquids may be employed for experi- 
menting as recommended for the tubes. After using, the plates mnst be 
taken apart, well washed, and combined again, in readiness for the next 
experiment. Absolute cleanliness is required with these plates, as when 
only slightly soiled the outlines of the liquid will not be straight in the 
parallel pair, nor hyperbolic in the inclined. It is best to immerse the 
plates entirely in the liquid, in order to wet them inside. 

Bulbs, from ^ to ^ inch in diameter, made of wax and glass, will 
conreniently illustrate the experiment of attraction and repulsion of 
floating bodies. There is no difficulty in performing the experiment in 
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water, bat in mercary the glaas bnlbs do not sink deep enongb. This 
diificnltj may be obviated by half fiUing the bulbs with mercnry, and then 
meltiDg oTer the apertnre. The snrface of the mercniy, in performing 
the ezperiment, rnnst be perfectly elean. 



Fig. 154. 



Fig, 156. 




Fig, 156. 



For the experiments on attraction, between im- 
mersed plates, take thin plates of glass or mica, 
attached to threads by means of wax, figs. 164, 
155, 156 ; if they are not designed to be wetted, they 
need only have a film of gprease on the snrface. 

To make pins, needles, etc. float npon water, it is 
only necessary to draw them a few times betWeen 
the fingers; in this way they get a thin coating 
of gprease, which protects them from the water. 
When carefnUy laid on, they will exhibit the same 
relation, both toward each other and the sides of 
the Tessel, as the floating balls. * 

[95] EndosmOfiiS.— The inner vessel, &, fig. 
157, shonld hare a flange at its wider opening, so 
as to admit of tying on a piece of bladder secnrely. 
A yessel of lacqnered tin will answer for some ex- 
periments, bat it is better to procnre at önce a 
snitable glass Tessel. The narrow tobe may be of 
aboat the size of that ased for barometers, and is 
inserted into the neck by means of a cork. The 
inner yessel may be snpported by passing the tnbe 
throngh a disk of wood, which covers the exterior 
yessel. Both yessels shonld be filled to the same 



Fig. 157. 
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beight, tbe inner with a concentrated Solution of salphate of copper or 
alcohol colored with cochineal ; the onter with water. 

For an experiment with salphnric acid and water, the clay cella nsed 
in the constant galvanic battery will be foond verj conyenient. All tbat 
is necessarj is to place one in a glass vessel and fiU it with one of the 
liqnids, pouring the other ronnd it in the glass. 

(c.) EXPEEIMENTS OK GASES. 

[96] Tonicelli'S experiment« — For the preliminary explana- 
tion of this experiment, ponr mercary into a rather high glass cylinder, 
and introduce a glass tube, open at both ends and just wide enoagh for 
the effect of eapillarity to disappear. Poor water into the cylinder, and 
its pressure will cause the mercury to rise in the inner tube. As this will 
be the case with all fluids, the mercury must rise in an empty tube when 
the external pressure is that of the atmosphere. 

Again, take a glass tube, 36 inches in length and about ^ inch in 
diameter, hermetically sealed at one end. It must be kept perfectlj 
clean, and when not in ase the opening shonld be closed by a cork. 
The mercary must be perfectly clean : should it leaye any impurity in tbe 
tube, a new one must be taken, or the sealed end opened and the tabe 
cleaned by wiping it out with pieces of soft blotting-paper on the end of 
a wire. When barometer tubes are dirty they retain bubbles of air, 
which rise in the Torricellian vacnum, and thus interfere with the result. 
The cistem should be wide enough to permit the Immersion of the open 
end, with the finger applied to prevent the escape of the mercary. These 
tubes should be left füll ; the tube is inclined until the mercury touches 
the top, the bottom closed with the finger and the tube inverted ; in this 
Position it is hung up hy a waxed string tied tightly around it 

The tube is filled through a stiff paper funnel, as directed in § ?6, or 
the mercary must at least be passed through sach a fannel, to remoye 
dust and oxydized metal, before being introdaced into the tabe. The 
mercury can be cleaned still better by agitation with warm dilate nitric 
acid, and afterwards with water ; it is then dried with blotting-paper. 
To make the experiment more accarate, the tube and mercury shonld 
both be warmed, and the mercary poured in through a long, narrow 
funnel tube, drawn out to a fine point. When the tube has been filled to 
within about j^ an inch of the top, it is closed with the finger and inverted 
seyeral times ; the air which occupied the open space, in traversing the 
tube gathers the minute yesicles which adhered to the sides. The tube 
is next filled entirely, and inverted in the cistem of mercary, with the 
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fiDger OTer the aperture. The ezperiment should also be made with 
tobes shorter than 30 inches. 

The mercury used in these experimQ^t8 shoald be kept for this special 
pnrpose ; that ased for mercarial troaghs or for electrical parposes is 
nsnally allojed with other metals. 

Another experiment which belongs here is the following : A glass with 
groand edge is filled fall of water, and a shect of paper laid orer it so as 
to inclose no air bubbles. If a board or a book be now laid on it, the 
glass may be inverted, and held np in an inverted position withont 
Spilling the water. If the glass be set on the table in this position, the 
paper may be withdrawn, another sheet slipped .nnder it, the glass then 
slid npon the board again and tnrned npright A sheet of good stiff 
paper, not mnch larger than the glass, shoald be nsed to insnre saccess. 

[97] The barometdr. — ^Barometers are among the Instruments 
which it is better to bny than to constract for one's seif. Besides the art 
of fiUing them so as to be perfectly free from air, a good dividing machine 
18 reqaired for the scale. 

It will be best to have, for parposes of demonstration, in addition to 
the cistern barometer, a simple siphon barometer, with the shorter leg 
contracted near the bend, to admit of being closed np by a rod wrapped 
with cotton. If possible, it will be best to have a good monntain 
barometer, to be nsed for scientific parposes. The characteristics of 
a good barometer wül be foand in any text-book of physics. 

Shoald it, however, on acconnt of the fractnre of the tabe of a yalaable 
barometer, or for any other reason, be necessary to fit np a barometer 
tabe, one shoald be chosen not too thick in the glass, and carefally 
cleaned before sealing it np. 

The reqaired amoant of mercnry is then boiled in a porcelain capsule ; 
the tabe itself heated along its entire length, and then filled throagh a 
fannel, for abont two inches, with the bot mercnry. The bottom of the 
tabe is now heated orer a spirit-lamp nntil the mercary boils, taking care 
to tarn the tabe roand and ronnd continnally ; this is to be kept nearly 
▼ertical, and the Operation shoald be performed over a large flat capsnle, 
to preyent the loss of mercary in any possible breakage of the tabe. 
With proper precantlon, however, there is little danger of this. The tabe 
mast be heated anew along its entire length, and a few additional inches 
of mercary introdnced, the same Operation of heating being repeated ; the 
heat shoald be applied a little below each fresh portion of mercary. 
When the tabe has been filled in this way to within half an inch of the 
top, hot mercary is poared into the remaining space. A paper comet, 
eat oflf at the bottom, shoald preyioasly be attached to the top of the 
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eisten), bj means of paste and thread, senring as a fannel for the merenry 
which is ponred in, filling the eisten) and part of the eomet The fing^r 
is now placed on the fiUed tnbe, wtiich is next inverted into the eiatern. 
After remoYing the fnnnel or eoraet, the excess of mercnry is ponred oot 
of the cistem ; enongh, however, being left to have its level correspond 
with the zero of the attached scale. The tnbe may be finally fixed in the 
neek of the cistem bj bits of cork, or by an entire cork previonsly fitted 
on the tnbe ; this mnst, however, have a small apertnre to admit the air. 
In observing the barometer, the merenry mnst be gently agitated to 
obtain the proper level, even with a tolerably wide tnbe. The level of 
the top of the convezity of the merenry mnst be obserred and the eye 
held in the same level, to avoid the error of parallax. This is very easily 
done by holding a piece of mirror behind the tnbe, and pladng the eye 
so that the top of the eolnmn eoincides with that of the image. The 
barometer mnst hang perpendicnlarly dnring the reading. 

After pnrchasing a eistem barometer, it shonld always be carefnlly 
measured, to ascertain whether the parts of the scale which aie marked 
are at the right distance from the level of the merenry ; if not, the error 
shonld be corrected by adding or taking away meicnry. 
^ In remöving a barometer, it mnst be gently inclined nntil the merenry 
fills the whole tnbe, and the cistem theu closed if there is any provision 
Fig. 158. ^0^ ^^^^ 1^18 inelination will show whether the tnbe is 
free from air, or whether an air bnbble remains at the top. 
Por distant transportation it is always completely inverted, 
and the opening for the admission of air previonsly closed. 
In setting it np again, care mnst be taken that the merenry 
in the eistem shall nnite with that in the tnbe before the 
latter begins to move, so that no air shall be introdneed 
into the tnbe. 

As Hnygens's double barometer and wheel barometer 
are freqnently seen, it will be well to take advantage of 
an öpportunity to obtain them cheaply for the pnrpose of 
illnstration, thongh they are not nsed for scientific purposes. 
[98] Mariotte'S law.— To illnstrate this law for 
coudensation, we make nse of a tnbe hermetically sealed at 
one end and bent ronnd, as in fig. 158. This tnbe is 
fastened to a board by Strips of brass, afber a strip of 
paper, divided into inehes and tenths, has been attached ; 
this is to be nnmbered from below npward, and vamished 
with white shellae. The tnbe need not be more than 30 
or 36 inehes long, as the law can be shown by calcnlation, 
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Fig, 159. 



even when the pressare does not amoant to eDtire atmospheres. Longei 
tnbes maj, however, be made, if deemed necessary, bj uniting sereral 
joints by meaos of iron feroles an inch long. 

In experimenting, enongh mercnrj is introdnced to fill the bend and 
stand at the same height in both legs; thts maj reqnire a eontinned 
tilting of the tnbe one way or other, to let air in or ont of the short leg. 
When accomplished, this height is marked. Mercnry is now ponred into 
the open end, np to abont 8 ; the mercnry of the short leg by advaneing to 
m will compress the air to a yolnme, h m, and if B be the height of the 
barometer at the moment, then ah i mh^B+n s \ B, If the tnbe*be 
long enongh the pressure roay be increased by whole atmospheres, and 
the volnme of air rednced snccessiyely to i, ^, \, etc., for which reason it 
18 eonrenient to have the original volnme a nnmber of inches divisible by 
2 and 3. , 

To demonstrate the same law for rarefaction, we, may nse a glass tabe 
abont 30 inches high and two wide, closed at one end and fnnnel 
shaped at the other. Snch a tnbe can readily be obtained at any glass 
honse. It shonld be cemented into a solid wooden foot, to ^nard against 
breakage, or, still better, placed in a frame, as in fig. 159, (in section.) 
The enlargement above is not absolutely neces- 
sary; it is, however, convenieut, that the level 
of the mercnry may not change essentially 
dnring the experiment. It can easily be made 
by cntting off the bottom of a bottle and cement- 
ing the tnbe into the neck. Any tnbe of snffi- 
cient width will answer for the experiment, even 
withont being fnsed together at one end, if it be 
cemented tig^tly into the hole in the bottom of 
the frame, fig. 159. The narrow glass tnbe 
nsed is gronnd flat on one side and there divided 
off into inches, the mark being made with indian- 
ink. In the experiment, the large tnbe is filled 
with mercnry, and the narrow one inserted so 
far that only a few inches project; the end is 
then closed with the finger, and the tnbe drawn 
ont nntil the contained air is made again to 
occnpy any given whole nnmber of inches, when 
the height of the colnmn of mercnry in the 
inner tnbe is measnred. The experiment may 
also be made with a tnbe closed at one end, by 
portially filling it with mercnry. 
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In experiments, both for condensation and rarefaction, the same scale 
mnst be used as that of the barometer which may be on band, as tbe 
indications of the latter instroment mast be introduced, and complicated 
reductions will thns be avoided. This should be contracted for when an 
Instrument is ordered from the maker. 

[99] The air-pump. — This instrnment is of the first importance, 
both to the amatenr and to the teacher, and, at the verj outset, as good 
an instrnment as the fnnds will allow should be procnred. For the 
amatenr as weil as the chemist, a hand-pump, i.e, one without lerer or 
guides, will answer most purposes, if well constructed ; a few minutes more 
or less expended on an experiment make no difference. Fig. 1 60 shows 
such an air-pump, intended to be screwed on a 
table ; the yessels to be exhausted may be con- 
nected by caontchouc tubes with the arm a or &; 
or a glass tube, 30 inches long, reaching down 
into a vessel of mercury below the table, may be 
connected to b, to indicate the degree of ex- 
hanstion. It is a good plan to have such an 
air-pump fnmished with a screw clamp by which 
it may be attached to the table. When the air- 
pump has no plate with its stop-cock, special 
arrangements will be necessary for the experi- 
ments to be described. The case is very differ- 
ent in the school, where a number of experi- 
ments must nsually be gone through in a short 
time. In this case the Instrument should be 
large, with double cylinders if possible ; per- 
fection of action is not so necessary, as experi- 
ments before classes rarely require any very 
great amount of rarefaction. 

An important consideration in respect to the 
air-pump is the greater or less facility with 
which it can be taken to pieces and cleaned. 
A new air-pump should always be tested by a good barometer, to see 
whether it performs all that is claimed for it, and whether it closes 
tightly. In respect to the first, we remark that the experiment should be 
tried either with no receiver at all, or eise with a very small one. The 
second point is ascertained by exhausting the air to the proper degree, 
and then watching the barometer gauge to see whether any air penetrates. 

[100] Management of the air-pump.— The air-pump, from 
its nature, requires very careful handling if it is to render good service 
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for a long üme. Above all, cleanliness is necessarj, and h shoald there- 
fore be taken to pieces once a jear and carefally cleaned thronghoat, 
after which fresh grease should be applied. This can be done most cou- 
TenieDtlj when the air-pamp ezperiments for the coarse haye been 
finished. 

Experiments on boiling water in racno, and on freezing water, bj tbe 
eyaporation of etber, almost necessarilj reqnire the cleaning of the air- 
pnmp after them; on which acconnt they shoald be performed imme- 
diatelj aftor the air-pamp ezperiments proper. The cleaning is best done 
with blotting-paper, which may be at first moistened witb alcohol ; after- 
wards the piston and cocks shoald be greased afresh. The grease mnst 
be applied to the piston, and not to the cylinder : in the latter case the 
snperflnons grease woald be pnshed to the bottom, and prevent the 
complete descent of the piston as well as stop np the tnbes. For the 
pistons we may empdoy hog's lard ; for the cocks, tallow, or a miztnre 
of this with an eqnal qaantity of lard. The piston rods and rack shoald 
be oiled. It will be well to keep the grease coYcred in a vessel, and 
especial care shoald be taken to hare it entirely free from grit 

It is a good plan to poar a stratnm of oil :^ to j^ an inch deep above the 
piston, which acts like the grease in the stnffing-boz of a steam-engine. 
The pistons close better and work easier, bat they mast fit tight enoagh 
to preTcnt the oil from ranning down into the cylinders. 

Shoald it be impossible to keep the air-pamp in a glass-case, make a 
coyer of pasteboard, to protect it from dnst 

A good role for keeping the air-pamp in order is nerer to attempt 
moYing the piston when the Instrument is cold ; thns in winter it shoald 
be kept in a warm room some time before nse. 

The edge of the receiyer shoald be rabbed with a tallow candle, or a 
miztare of lard and beeswaz, before being placed on the plate; well 
groond receivers, however, reqnire no grease. 

The motion of the leyer mnst be slow at first, as the air in the narrow 
Channels reqnires time to diffase itself in the entire space; the andible 
hissing of the air, or the continned sinking of the barometer gange, will 
indicate the rapidity of ezhaastion ; as rarefaction proceeds, the movement 
of the piston may be accelerated. Withont this precantion mach labor 
will be lost, and the troable of making air-pamp ezperiments greatly 
increased. Scholars, howerer, or nnskillfal assistanCs, do not possess the 
knack of moving the handle regnlarly, and irregalar action is always very 
injarions to it 

A receiver shonld neyer be remoyed from the plate of the air-pamp 
when the air within is in the least degree rarefied, withoat previoosly 

8 
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letting in the external air. Bemoyal shonid be effected bj sliding the 
receiyer off the edge of the plate, rotating it slightly iq the Operation. 

For erery experiment, the smallest possible receiver should be selected. 
Yerj small reeeivers may be readilj made by taking glass tnmblers, with 
stont bottoms, and grindicg off the edge. 

[101] Minor repairs of the air-pump.— When the piston 

becomes loose by long nsage, it may for a time be repaired by Bcrewing 
np the movable disk on the Iower face of the piston. The plngs of the 
stop-cocks have a tightening-screw, by means of which too great freedom 
of motion may readily be corrected. If, however, neither piston nor 
Cooks can be tightened in the way mentioned, the instmment shoold be 
retnrned to the maker. It is only in case of absolute necessity, or of 
competent skill, that reconrse shonid be had to fresh grinding of the plng 
in the hole, by means of oil and fine pnmice. 

The glass layer of the plate is sometimes loosenöd firom the snbjacent 
metal, in conseqnence of the nneqnal ezpansion of the two snbstances by 
heat. In this case, the plate is nnscrewed, each part heated separately 
nntil the cement fiows readily, the glass laid face downward on a table, 
protected by sereral layers of paper, and the metal tightly and accnrately 
pressed down npon it, ^ith a twisting, concentric motion. After cooling, 
the expressed cement is remoyed with a knife. In case of fresh cement 
being needed, it may be made of shellac, with ^ of wax and the same 
qnantity of tnrpentine. 

If the air-pnmp is fonnd to leak in any part coyered with leather, this 
mnst be replaced with fresh. Chamois leather, satnrated with a hot 
mixtnre of tallow and lard in eqnal parts, is best for this pnrpose. A 
small stock of snch leather shonid be always kept on band. If the leak 
occnr where glass is cemented in, the part mnst be nnscrewed, heated, 
the glass remoyed and freshly cemented with sealing-wax, care being 
taken to warm well both glass and metal, (section 45.) 

[102] Experiments with the air-pump.— (i) A bladder 

partly fiUed with air and tied tightly ezpands when placed nnder the 
receiyer of the air-pnmp and the air ezhansted, which may be carried so 
far as to bnrst the bladder. This bladder, nnless presenred nnder the 
receiyer of the air-pnmp, is apt to be eaten throngh by insects. Small 
india-mbber bags may be nsed for the same pnrpose. 

(2) The expansion of the air may be shown by a glass matrass, nearly 
filled with water and inyerted in a tnmbler of water, which is plaeed 
nnder the receiyer, fig. 161. Bnbbles of air are at the same time extri- 
cated from the water. 

(8) The receiyer is ftutened on the plate by the pressure of the air. 
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Care is necessarj to avoid injaring the air-pmnp bj efforts to loosen the 
receiver. 

(4) The Magdeburg hemispJieres, The best way of exhibiting this 
experiment is to attach a 

weight to the lower hemi- ^9' l^l* 

sphere bj a hook, or eise to 

have the lower fastened 

to a board, and the riug 

of the npper to the short 

arm of a lever, at the oppo- 

site end of which weights 

maj be attached. In 

this way the exact force 

required to pnll apart the 

hemispheres can be estima- 

ted. The gronnd edges of 

the hemisphere shoald be 

coated with tallow. It 

shonld first be shown that 

the hemispheres maj be 

easily separated when filled 

with air. 

(5) Bursting of bladders. In this experiment, take a fresh bladder, 
well blown out, and tie it tightly over a cylinder or open receiver of metal 
or glass, 3 or 4 inches in diameter, gronnd on both edges. The npper 
end shonld have a bead aronnd it to fasten the bladder better, fig. 162. 
Immediatelj before the experiment, the bladder mnst 
be thoronghlj dried by a hot fire or stove; with- 
ont this precantion, there is great danger of a failnre 
in the experiment A thin glass plate may also be 
broken, if level enongh to fit air tight on the receiver ; 
the hole in the plate mnst in this case, as well as in 
many others, be covered in such a way as to prevent 
the splinters from getting into the pipes, which may be 
done by laying a piece of feit inside the receiver. The 
commnnication with the barometer gange, in snch ex- 
periments, mnst be cnt off, to prevent injnry from the sndden entrance 
of air. 

(6) The barometer, placed nnder the receiver of an air-pnmp, falls 
dnring the process of exhanstion. For this very instmctive experiment, 
make a high, narrow receiver, fig. 163, ont of a large glass fimnel, and a 
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Fig, 162. 
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long glass tabe, hermetically sealed at one end. A fenile of brass or tin, 
an inch or more long, is then procared, fitting over the ends of the two 

glass articles when in contact. Bj 



Fig. US, Fig.Ui. Fig. Üb. 




means of sealing-wax, a perfectly 
air-tight Joint is made ; the fnnnel 
mnst, of conrse, be groond off 
at the rim. For the barometer, 
maj be osed a Torricellian tnbe 
withont Scale, fig. 164, fitted into a 
bottle by a corL All snperfluons 
mercury most be poured oot of the 
bottle before inserting the cork, to 
avoid the danger of rnnning oTer 
when the mercnry descends in the 
tobe. Gare must, of conrse, be 
taken to have the tnbe so narrow 
as not to hold too mnch. Another 
yery good form for this ezperiment 
is shown in fig. 165. An air-pnmp 
receiver, open above, is fitted with 
a brass collar with two tnbes : in 
one tnbe is fitted an ordinarj siphon 
barometer, in the other a donble 
bent tnbe with a vessel for mercnry. 
As the air is exhansted, the mercury 
rises in the latter, while it sinks in 
the barometer. In this case, also, 
cantion is necessary in admitting air. 
(t) Wood is specifically heavier than water. To show this by means 
of the air-pnmp, confine a block at the bottom of a tnmbler of water by a 
weigbt. Place this nnder a receiver, exhanst the air, and then let it in 
again ; the pores of the wood will thns be filled with water. The lightest 
wood will be fonnd to remain at the bottom after removing the incnm- 
bent weight. 

(8) Sound ceases nnder an exhansted receiyer. The experiment may 
be tried by means of an alarm-clock placed nnder a receiver, or by means 
of a bell suspended from the top. In either case, the experiment will fall 
if the apparatus touch any of the solid parts of the pump. The alarm 
must, therefore, be set upon a loose bnnch of fine hemp; or the bell 
suspended by an untwisted thread of the same material. 

(9) Water boils at a low temperature, say 90^ F., when the atrno* 
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spheric pressure is remoTed. To perform the experiment satisfoctorilj, 
make ose of a smoll receiver, aod a high, narrow vessel of water. With 
too large a recelyer, the working of the pump will not carry off enoogh 
of the watery vapor, which of itself wonld keep the boiling point 
from sinking, and with a wide water yessel too mach vapor will be 
formed. Ether evaporates still more readilj. To show this, pat some 
water into a narrow glass tabe, sealed at one end, and drop in a small 
qnantity of ether : inyert the tnbe in a small vessel of water, and place the 
whole ander the air-pnmp. On exhaosting the air, the ether will yaporize 
and driye ont all the water from the tnbe, to be again Condensed on 
readmission of the air. 

(10) To bring water to the freezing point by its eyaporation, assisted 
by salphnric acid or by the yaporization of ether, the broad, shallow 
Tessel containing it mnst rest on pieces of cork, to prevent condnction of 
heat The ether is best, bnt the experiment shonld be performed at the 
close of the conrse, as its vapor acts injnrionsly npon the grease of the 
air-pnmp. A rapid exhanstion will be necessary for snccess. A neat 
form of the experiment consists in setting a watch-glass filled with ether 
into another partly filled with water: the two glasses will be frozen 
together. 

Strong acid mnst be used for the experiment, of which fig. 166 shows 
the details. The npper watch-glass containing the water is set into a 
ring, fastened by its stem to a board, on which rests the fiat vessel 
containing the acid. As it is difficnlt to get acid of snfficient concentra- 
tion to work satisfactorily, it will perhaps be best to adhere to the 
other. 

Fig, 166. Fig, 161. 





(11) The expansion of confined air will bnrst a vessel when the ont- 
ward pressure is removed. For this pnrpose, we may best ose thin, blown 
bnlbs, fig. 167, of an inch in diameter, flattened at the bottom, and the 
stem sealed after cooling. 

(12) To show that a light goes ont in rarefied air, place a small 
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barning wax light in a receiver tall enoagh not to be affected by the 
heat. The light will be fonnd to go out with a few strokes. 

(13) Steel gives no sparks, and gunpowder bums witboat explosion 
in a Tacnnm. Fig. 168 explains the general featares of the arrangement 

by which this can be 
^' ' readily shown. The le- 

yer arrangement a is set 
off by means of a rod 
ßliding through a stnflT- 
ing-box. Powder may 
be set on fire by means 
of a lens within an ex- 
hansted reeeiver; bat it 
will be fonnd to bnm 
away slowly without ex- 
plosion. 

(14) The Siphon will not act in a vacnnm. For this experiment, 
constmet a siphon ont of a thermometer tobe, as in fig. 169 ; the opening 
at is closed with the finger while the tnbe is being filled by snction. 
The experiment can only be made with certainty with mercury. This is 
poured into a rather high glass vessel, and a lower one set by its side to 
receive the ontflow. The opening in the tube at o may readily be made by 
closing one end and blowing strongly into the other, when the convexity 
at is softened over a spirit-lamp. 




Fig. 169. 



Flg. 110. 





(15) If one leg of a donbly bent glass tube^ open at both ends, be 
inserted, air tight, into a vessel half füll of water, a, fig. 170, the other 
end dipping into b, and the whole placed nnder the air-pump, rarefaclion 
ontside will cause the air in a to expand and force the contained water 
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OTer into b. If the tube is yertical, a Hiero's foantain of the simplest 
constmction will be obtaiaed ; if this latter be broaght ander the alr- 
pamp, care mnst be taken not to continae tbe experiment too long, eise 
water will get into the pamp, which woold be injnrioos in other experi- 
mentfl. 

(16) The following experiment is instmctive for the tbeory of the 
enction-pamp. A large tobe, or a high, narrow receiver, A^ fig. 171, is 



Fig, 171. 



Fig. 172. 



Fig. 173. 




Fig. 174. 



Fig. 175. 



fitted with a brass cap B, into which the plag C is 
screwed ; this has a tolerably wide apertare below, 
into which a stout glass tnbe, nearlj as long as the 
receiver, is cemented; the rest of the plag is perfo- 
rated with a fine hole. It has a flat head, on which 
a Talve of oiled silk is fastened, similar to that de- 
scribed in No. 25 of this section. On (7 is screwed 
the small air-pnmp 2), the piston of which has a 
similar valve, shown in natural size in fig. 172. A 
mercary cap is placed ander the receiver, into which 
the tabe dips. When the small pump is worked, 
the mercary will be drawn np, which will not take 
place when the air in the receiver is eahaasted. 
One stroke of the pnmp raises the mercary safficiently 
high ; the valves may therefore be dispensed with 
and the pamp screwed directly on the moanting B, 

(17) A yery simple apparatns for the qaicksilver 
rain may be made oat of a lamp chimney, fig. 173, 
with the lower end gronnd o£f. Into the other end is cemented a piece 
of walnnt wood (shown in section in fig. 174;) a second piece, fig. 175, 
is fitted into the bottom, to receive the mercary as it falls throagh, and 
prevent even a drop ftom getting into the air-pnmp. 

(18) The balance manovieter. To one arm of a small balance^ 
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fig. 1Y6, provided with a sapport, is attached a large, hoUow metal hüU^ 
soldered air tight, which is balanccd by a solid ball od the other side. 
The balance must have an adjasting screw a, as the cbanges of pressare of 
the air distnrb the eqailibriam. In an ezhaasted receiver the large ball 
will sink, becanse it had been bnojed np bj the air more than the solid 
one. 



j^. ne. 



Fig. 111. 





(19) It freqnently happens that air is to be rarefied in a vessel which 
can neither be screwed to the air-pnmp nor attached to the plate. For 
this the caontchonc tnbes, recentlj invented, are very convenient To one 
end is fastened a brass tnbe, fig. 111, with double-milled head, to facilitate 
the screwing on to the pnmp. 

(20) Condenaation of air. If the air-pnmp is arranged for conden- 
sation as well as rarefaction, attention mnst be paid, at every experlment, 
to the eoeks, for the pnrpose of ascertaining whether they be properly 
acynsted or not If, for instance, the apparatns be a^jnsted for conden- 
sation, and a receiver be placed on the plate for rarefaction, the adhesion 
between the two will be snfficient to retain the receiver, which, at the 
second stroke, may be thrown entirely off. The receivers, in which the 
air is compressed, shonld be made of glass, ^ of an lach thick, so 
that it will not be necessary to cover them with wire ganze, which 
nearly destroys their transparency. It is better to have a separate plate 
for this pnrpose, to which the receiver may be screwed down, as in fig. 
IIS. 

(21) A manometer of the simplest character may be constmcted ont 
of a glass tube closed at one end, and of nearly eqnal diameter throngh- 
ont; this is divided into inches and tenths, by means of ink or Scratches, 
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aod then inserted into a yessel with meicnry, bj means of cork or leather. 
It is not advisable to nse the air-pump for condensing to more than two 
atiDospheres. 

Fig. 178. 





(22) If air be forced into a Hiero's fonntain, the escape pipe of 
which is proYided with a stop-cock, as in fig. 179, jets of varioas kinds 
maj be screwed on after removing it from the air-pump. The metal of 
which this fountain is made mast be at least 1 miUimeter thick, and will 
then bear, with the dimensions assigned, a pressure of two atmospheres, 
if the seams are hard soldered. 

(23) A flattened glass bnlb, such as described in No. 8, is crushed in 
the condenser. 

(24) If the inside of the condenser be moistened and the compressed 
air allowed to escape suddenlj, the whole receiver will be filled with 
vapor, owing to the rapid lowering of the temperatnre. 

(25) Determinations of the specific gravity of gases will scarcelj form 
part of an experimental course. For this it will be snfficient to show the 
differeuce in weight between a glass balloon filled with air and the same 
emptied ; and again, when filled with Condensed air. A glass tnbe maj 
be nsed to exhiblt the same experiment. We may, in this place, describe 
the mode of drying gases, as it will come into plaj in other experiments. 
A glass tube, some 3 feet long and ^ to | inch in diameter, fig. 180, is 
filled with Chloride of calcium, and closed bj corks. The corks are 
perforated either bj a hot wire or eise bj the cork borer, so as to admit 
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at each end a glass tabe from 1 to 2 lines thick. The stoppers are then 
cat down to the level of the large tabe, and boond with strips of caontchoac. 

Fig. 180. 




Fig, 181. 



The apparatns thns arranged is connected first with the receiver er bag 
holding the gas, and then with the exhansted balloon, after enoagh gas has 
been foreed throngh the tabe to ezpel all the atmospheric air. 

In determining the relative specific gravities of air and water, inyolYing 
the filling of the balloon with water, especial care mnst be taken in dryiog 
again, which can only be accomplished e£fectaally bj repeated admission 
and exhaustion of drj air. For this reason the experiment is not well 
adapted for school instrnction. The Tolame of smaller vessels maj be 
determined bj means of mercary. If no vessel with stop-cock be at hand, 
and it be merely desired to show the di£ference in weight between a vessel 
fall of air and one empty, any thin flask may be made to answer the 

pnrpose, by closing the month with 
Fig, 183. a good cork, pierced by a hot 

wire and driven in np to the top. 
A piece of oiled silk is tied tightly 
over the stopper and the end of the 
yessel, and two parallel cats made 
in the silk, a short distance on each 
side of the Perforation, fig. 181, and 
on a larger scale in fig. 182. In 
this way we obtain a very simple 
and effective yalve, applicable in 
many other cases. The flask, after 
being weighed, is placed ander the 
smallest receiver possible, and the 
air exhansted, after which it is 
again weighed. A pint flask will 
answer for the pnrpose. By the 
Intervention of the contrivance, fig. 
183, the flask may be connected by 
flexible tnbes with a band pnrop. 
By inserting the end h in the flask, 
it may be used for condcnsation. 
The corks are vamished with seal- 
ing-wax. 




Fig. 182. 
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(26) Fall of bodies in a rarefied medium, The simplest mode of 
exhibiting this ezperiment is bj taking a glass tobe, from 2 to 3 feet long 
and from 1 to 1^ ioch in diameter, with tight brass caps at both ends, and a 
8top-cock at one end. A coaple of bits of letter-paper and a leaden shot 
are introdnced, and the difference in the time of falling exhibited before 
exhaustion, bj repeatedly inverting the tnbe. The same is done after 
exhanstion. A feather will take longer to fall 
than the paper, bnt tbere is more danger of its 
sticking to the sides of the tnbe, in conseqnence 
of grease or electrical action. 

A glass should be selected which is a good 
insnlator, so that it maj also be nsed for electri- 
cal experiments. There are namerons arrange- 
ments for letting the two bodies fall at the same 
instant, bnt thej all reqnire the receiver to be 
exhansted for every descent; in the waj de- 
scribed it can be repeated qnicklj, if not distinct 
the first time. 

[103] The air-gtUL— The form of this 
varies so mnch that a detailed description 
would be nseless. Some care mnst taken in 
charging the magazine. When it is donbtfnl 
how manj strokes of the condenser the magazine 
will bear withont bursting, it is safest to ascer- 
tain the relative capacity of the two by fiUing 
them with oll, and measnre the thickness of the 
metal. The negative space, i.e. the space 
between the valve of the magazine and the 
piston, is often so large as to render an over- 
charge impossible. 

In charging the g^n, the magazine is screwed 
on to the condensing apparatns, fig. 184, the 
cross-bar of the piston rod held firmly nnder 
the feet, and the magazine moved rapidly np 
and down, the piston belog drawn ont far 
enongh at each stroke to admit the air throngh 
the lateral apertnre, and then quickly thrnst 
down again. The piston mnst not move too 
tightly, for the Operation is very fatigning. 
Yery few air-gnns will retain a füll Charge over 
24 honrs. 
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[104] The Siphon.— A »phon with gQction tabe, fig. 185, is nsefiil 
to explain its action. While sackiog, the end b is closed with the finger, 
IHg. 185. and care is necessary to avoid drawiog the liquid into 
the moath. Sach a siphoa maj be made by Cracking 
off the bottom of a Cologne bottle, and fitting it ap as 
shown in fig. 186. 

We have alreadj given an experiment with the siphon 

in No. 14 of the air-pnmp series, (p. 118.) Another 

maj be shown by taking a tnmbler and cementing air 

tight on it a tin cover, with two short tnbes in it, fig. 187. 

Into one is tightly fitted a bent glass tnbe, the other 

being for the introdaction of water. If the siphon is set 

in Operation, the flow will continne as long as the aper- 

tnre a is open, bat will cease on closing this with the finger or a cork. 

The cup of Tantalns may readily be constructed by any tinner, after fig. 

Fig. 186. Fig. 18T. 



r 



(■ 





Fig. 188. 



w 



188. The siphon serves as a handle and opens in the raised bottom of 
the cup at o, while the other end is on a level with the foot On filling 
the cup with water, this will immediately ruu off, and empty the yessei 
completely. If a glass vessel with an opening in the bottom is at band, 
a curved siphon may be fixed in it with a cork, flg. 189; or, as in fig. 190, 
simply a straight. tube with a larger tube closed at one end inverted over 
it. This tube must be a little longer than the inner one, and not so high 
as the top of the vessel. The water will flow out as soon as it reaches 
the top of the siphon. Small bottles with the bottom cut off, and the 
neck set in a wooden tbot, will answer the purpose. 
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A Siphon with an air Chamber may be made bj taking a Gologne water 
bottle and cntting off the npper part, jost below the neck. Two tabes 
are inserted throngh a good tight cork, the shorter being drawn into a 
Fig. 189. Fig. 190. Fig. 191. 





Fig. 192. 




Fig. 198. 





point and projecting more than the longer, fig. 191. On sncking at the 
lower end of the long tnbe nntil water enongh is drawn over to cover the 
npper end, we will have a continned jet of water within the bottle. 

The Wirtemberg siphon consists of a tnbe bent at an acute angle, 
with the legs of eqnal length and the extremities tnmed np ; this maj be 
hnng np filled and readj for immediate nse. 

On acconnt of the general nse of the siphon in decantiog from large 
yessels, it is often convenient to attach a piece of india-rnbber tnbe to the 
end of the longer limb, and close this with a clamp made of bent wire, 
snch as is shown in figs. 192 and 193. 
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[105] The pipette is a tnbe of metal or glass, abont 2 inches 
Wide, fig. 194, which can be closed with the thamb at the top, and ends in 
a fine point less than a line in diameter. 

A great varietj of amnsing tojs may be cdnstrocted on the 
Fig, 194. same principle : such as the magic fnnnel, the widow's crose 
or oil jag, the vestaPs sieve, the magic can, etc., anj of 
which can readilj be made by the tinner. 

The magic funnel, fig. 196, consists of two fnnnels, set 
one inside of the other, leaving a small space between, into 
which the minnte opening at a leads ; this opening is formed 
bj the points of the two funnels, which are soldered air 
tight together on the npper edge. The handle is partly 
hollow, and commnoicates above with the concealed cavity; 
it has a small opening at b. The fannel is filled after 
closing the nozzle at c, and the liquid penetrates into the 
cavity ; as long as the finger is held on the opening at 6, 
the liquid will not rnn out of the interspace, while any 
desired portion may be let oflf by covering and uncover- 
ingft. 

The mdow^8 crusef on somewhat the same principle, is 
readily intelligible from fig. 197. 

The Tnagic can, figs. 198, 199, has likewise an opening in 
the handle at 6 ; after removing the false bottom m, which is 
only slipped on, it is filled throngh an aperture in the true 
bottom n, closed by a screw. The spout must, of conrsc, 
be a small one. If the can, as shown in plan in fig. 199, be 

Fig. 195. Fig, 196. 

4 b 

A 





Fig, 197. 




divided by a partition, we can fill in two different liqnids 
through the openings a a, and either or both be allowed 
to flow according to the pressure on the holes 6, h, 

The vesiaVs sieve, fig. 200, is a vessel of tin, the 
bottom of which is minutely perforated. Liquids will 
be held in as long as the neck remains closed by a cork 
Stopper. 

A more practically useful application of this principle 
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maj be made in the constraction of a pipette, the simplest form of which 
consists of a glass tnbe, from 4 to 5 lines wide, drawa ont to a point at 

J^. 198. Fig. 199. Fig, 200. 






one end, and at the other so narrowed as to be readilj closed with the 
forefinger. The tube itself may be 5 or 6 inches long, and the narrow 
extremity from 1 to 1^. 

[106] Hiero'S fountain. — This maybe constracted most simplj, as 
in fig. 201. The ends of the tabes are made somewhat conical, so as to 
fit more tightlj into the corks. Gonsiderable skill in glass blowing will 
be reqnired to make the fonntain in one piece, as seen in fig. 202. Fig. 203 



J^. 201. 



i 



Fig, 203. 



Fig. 202. 



w 








shows a simple constraction in tin of a Hlero's fountdn. The two vessels 
Ä and B have eacb an opening a b beneath, closed with corks. Ä is 
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filled with water by the one, and B empded, after the experiment, throngfa 
the other. In addition to the two tabes C D, the two Tessels, for 
greater secarity, maj be coDiiected bj means of two similar colomns, 
having no connection with the vessels. In this form of the apparatns 
the water is again collected in the basin of the npper vessel, and exerts a 
pressure on the lower. 

The magical cask, fig. 204, depends on the same principle as 

Hiero's fonntain. It is divided 



Fig. 204. 




into two parts, and the partition 
has an opening above. Wine is 
ponred into Ä, through the open- 
ing a, to be forced ont through the 
cock Ef by the pressure of the 
water eolumn in the tube C D\ the 
tube c of the cock extends to the 
bottom of Ä. The compressed air 
passes through the opening in the 
partition from B into Ä, and, after 
the experiment, B may be emptied 
through h. 

[lOT] Pumps. — Modela of 
suction and forcing pumps had 
better be purchased ready made, 
with the cylinders of glass if possi- 
ble. As no oil can be used with 
glass cylinders on account of dimin- 
ishing their transparency, the piston 
must be wrapped with thread, and 
consequently soaked in water be- 
fore use, to make it swell and fit 
tightly. If the working of the 
forcing-pump has been explained in 
connection with the Hiero's ball, the 
application of the former in the fire- 
engine will be illustrated quite as 
well as with a special model. 

[108] The intermittiiig 

foUntailL — A simple form of this 
apparatns may be constructed by 
applying a tin cap ^ C to a glass 
yessel A, fig. 205, through which 
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passes the tabe i>, having a small noich io the end ; the cap has also the 
litüe tnbes a, b. Tbe top of the second vessel E fonns a basin, and has 
ia its Center the tnbe O, which also has an opening in the bottom of the 
basin; the tabe D is set on the tabe O, after A has been filled with 
water through the former. The small opening h, leading from the bottom 
of the basin into the vessel JE, lets less water ran off into JE than is 
discharged by a and b together. A cork is fitted into an opening in the 
bottom of Et to let off the water. As soon as ^ is set over the tabe GF 
the water rans ont of a and b and collects in the basin, becanse h dis- 
cbarges less water than these two openings ; the opening of the tnbe D 
is therebj closed, air no longer passes throngh the tabe D into A, and the 
flow of water from the latter vessel ceases nntU more water rans ont of 
the basin, when the noteh at e becomes free, and the flow commences 
again from a b. 

[109] The mailOineter. — In order to observe the pressnre of 
gases in a State of motion or of rest, open or closed manometers are 
nsed, which are also known ander the name of wind ganges. 

Under open manometers, Welter's safetj tabe mnst be mentioned, flg. 
206. It serves in the first place, in evoMng gases, to goard against the 
bnrsting of the vessel, the liqnid 



Fig. 206. 



Fig. 207. 



in the tnbe being driven np into 
the fnnnel bj the pressnre of 
the gas. When the CTolntion 
of gas ceases, acid can be ponred 
in throngh the tabe. The mano- 
meters which are nsed with gas- 
ometers and gas pipes to mea- 
snre the pressnre are made on 
the same principle, and provided 
with a Scale for measarement. 
Fig. 207 shows snch a pressnre 
gaage where the scale is fixed 
to the ascending tnbe. The 
flnid nsed is cochineal water 
mized with snlphnric acid. 

To measnre the pressnre of 
the air in blasts, a simple appa- 
ratna of tin plate is nsed, which 
18 shown in fig. 208 abont i the real size. Jf JVis a box, of which the 
tnbe a a is fitted tightlj throngh a cork, and Stack in an opening in the 
blowing apparatas. In the short tnbe b a stont glass tabe, from 4 to 5 
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inches long, is inserted, and dWided into qnarter inches. Before tbe trial, 
water is ponred in throngh d nntil it Stands at the zero of c. In Organa 
the pressure is not asaally oYer 4 inches, bat it mnst remain at the same 
Fig. 208. Fig. 209. 

PI 




Fig. 210. 




height when all the yalves and registers are open. 
Doable bent tabes, fig. 209, may also be osed ; they have 
a doable reading, like the siphon barometer. 

Closed manometers are generallj nsed only for high 
pressure, which is indicated by the compression of a 
portion of air inclosed by mercary, according to the law 
of Mario tte. Fig. 210 represents a manometer of this 
kind, which may be nsed for steam-boilers, or with a 
stop-cock in counection with the condensing air-pamp. 
It consists of a Chamber b b connecting with the gas 
throngh the canal a, and inclosing a vessel with mercory. 
A strong glass tabe is screwed down into 6 6 by a 
metallic cap, and reaches below the level of the mercary. 
The tnbe is gradaated to atmospheres. The pressure 
of the gas forces np the mercury into the tnbe, condens- 
ing the air before it 

The manometer is also nsed to indicate the pressure 
of liqnids, e.g. in the hydraulic press. 

[110] Döbereiner's laanp.— The liquid nsed 

consists of sulphnric acid, diluted to ^; instead of a 
piece of zinc, it will be best to use a coiled ribbon of 
zinc plate, on account of the larger surface. The 
quantity of liquid must be so great as nearly to reach 
the coTer, fig. 211, when at its highest, so as to have as 
great a pressure as possible. Yery small machines are 
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not desirable, and care mnst be taken to haye the gas Chamber large 

enough to sapplj small qaantities of hydrogen. For this parpose 

it will likewise be convenient if the dis- 

Charge pipe is so fixed as to admit 

of screwing in another tabe, to which 

glass tnbes leading into the pneamatic 

trough maj be attached by means of 

caoatchoac. 

The cock will fit mnch better if the tap 
be bored longitadinally for the passage of 
the gas, as in fig. 212. 

Althoagh the cock described is most 
conYenient, there are other forms employed 
which it is hardly necessary to meation 
here. The points to be attended to in the 
parchase of any kind are whether it fits 
closely withoat being too tight, and 
whether, after rapid tuming backward 
and forward, the tap ezhibits any traces 

of friction. After a recent filllng, or when the apparatas has not been 
in nse for a long time, an explosive mixture of the hydrogen with air will 
be fonnd. to exist, and on this acconnt care mnst be taken not 
to ignite it withont having prcTionsly let ont all the gas (with Fig, 212. 
a piece of paper interposed against the platinnm sponge) and 
gettiog a fresh snpply. A^r long standing the platiaa 
sponge mnst be heated red hot in the cnrrent of gas, previously 
inflamed, before its properties will be restored. 

While sach an arrangement will be foand convenient for small qnantities 
of gas, larger gasometers will be reqnired for other pnrposes; they may 
be pnrchased ready made, and are easily constmcted. Similar arrange- 
ments may be nsed for other gases. Snch an apparatns may be made at 
little expense according to Yarrentrapp, in the maaner shown in figs. 213 
and 214. For the exterior vessel a candy jar with a tin cover may be 
taken. The cover has two holes on each side, throngh which a pin 
is stnck to hold the cover fast to the rim of the glass. There is a short 
tnbe in the center of the cover into which the neck of the ianer vessel is 
fixed by a cork. This vessel is made of a bottle with the bottom cnt off. 
The gas tnbe a is fitted into the neck of the bottle by a good cork ; 
it leads into the vessel A, which is shown on a larger scale in fig. 214. 
The tnbe a passes throngh the cork nearly to the bottom of the larger 
tnbe B ; a second tnbe b projects a little way below the cork to condnct 
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off the gas. The tube ^ Stands in a Utile conical glass, the bottom 
of which is fiUed with mercnrj, so as to close the tnbe a when the ^laas 

Fig, 213. 



Fig. 214. 





Fig, 215. 



Stands on the top of the reserroir, as in fig. 213. linder A there is a 
hole in the cover, which is closed with a slip of tin ; by taking away the 
tin, the glass A sinks into the cover far enongh to nncover the end 
of the gas tnbe a, bat not the tnbe B, It is closed by raising the vessel 
A and slipping the tin nnder it again. 

[111] The air-baUoOIL— Small balloons of gold- 
beater's skin may be pnrchased ready made, and answer 
very well. To fit these np a small quill is inserted and 
tied aronnd with fine thread, and a cork fitted to the 
apertnre. The hydrogen gas is collected in a glass 
receiver, with a stop-cock at the top, fig. 215, snch as is 
nsed for filling bladders, etc. Upon the stop-cock is 
fitted a cork with a qaill inserted, and coated all over 
with sealing-waz. After collecting the necessary 
qnantity of hydrogen, and allowing it to cool snffi- 
.1 ciently, all the air is pressed ont of the balloon, which is 
then set o?er the quill of the cock, and the receiver 
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depressed into the water of the pnenmatic trongh, thas forcing the gas 
into the balloon. This, when filled, is cloaed with the stopper. Should 
the balloon hare become wet, it most be blown np, and then allowed to 
dry. It is not adylsable to allow the hjdrogen to pass directly from the 
generator into the balloon, as, owing to the higher temperatnre, there 
will be a portion of watery vapor passing over, not to speak of the yapor 
of snlphnric acid. Neyertheless, the Döbereiner i^paratns, mentioned in 
the preceding paragraph, may be nsed, when large enongh. 

Balloons made of coUodion are lighter still. Snch balloons may be 
made by shaking np coUodion in a fiask holding from 6 to 12 onnces, 
with a Short neck of the width of one's finger, nntil the sides are moistened 
with it in every part, and then ponring ont the excess. After dryiog, the 
film of coUodion is loosened carefnlly from the neck of the flask and tied 
aronnd a small tnbe. The air within is then carefnlly ezhansted by 
snction, the film thns gradnally detached from the glass and drawn out. 

To send np a Montgolfier baUoon, it will be necessary to snspend it 
from a thread carried over two pnlleys in the ceiling and connterpoised 
by a weight. On heating the air within by a spirit-lamp, the balloon 
may be made to rise : or a piece of sponge, soaked in alcohol, and 
fixed inside the hoop of the opening, may be set on fire. Withont the 
connterpoise referred to, the volnme of the balloon reqnired will be larger 
than is conyenient for a lectnre-room. 

[112] DifEtasion of gases. — ^This ezperiment is nsnally performed 
with carbonic acid gas, ponred ont of a yessel into a larger one filled 
with air. A wire is bent into a hook, and on the hook is placed a piece 
of waz*candle. If the ignited candle be let down into the larger vessel 
it will be eztingnished, bat on repeating the ezperiment soon after, 
less carbonic acid will be fonnd, and tiie light will nltimately bnm freely. 
In ponring ont the carbonic acid, (which also shows its greater specific 
grayity,) the two cylinders mnst be indined to each other, and the 
emptying performed slowly; otherwise the carbonic acid will become 
so mized with atmospheric air that the light will not be eztingnished. 

The ezperiment may be yaried, by taking two yessels with eqnal months, 
filling one with ozygen and the other with hydrogen, inyerting the 
hydrogen yessel oyer the other, and connecting the months of both by a 
Strip of india-rnbber. In a short time both will contain explosiye gas, 
which may be shown by igniting a small portion of it. The apparatns 
fig. 216 is still more conyenient for this pnrpose. 

[113] Absorption of gases. — l. When powdered qnick-lime and 
sal ammoniac are mized together and heated in a small retort oyer 
a spirit-lamp, ammonia will be liberated, and may be collected oyer 
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mercarj ia a glass tabe abont a finger's breadth in diameter, aad dosed 
at one end. The mercary maj be kept in a low tnmbler, 2 or 3 poands 
being suificient. If now the tnbe, when filled wiih gas and 
the month closed by the finger, be nncorered nnder water, 
this will rapidlj absorb the ammonia, and rosh np into the 
tabe. 

2. Carbonic acid is generated from chalk and snlphniic 
acid, and collected in a tabe as in the last ezperiment. iL 
bit of recentlj-heated charcoal is introdaced ander the 
mercarj into the tabe of carbonic acid gas, when it will 
absorb a great portion of the latter. After the experiment 
it will be well to poand up the coal, to recover anj mercary 
which may have been absorbed. The gas may be liberated 
from the coal again by placing the apparatns ander the 
receiver of an air-pump, and exhaasting the air. 

[114] Breath Images. — To prodnce the breath 
Images of Moser several methods may be employed, some 
of which are as foUows : — 

1. Cat any desired Image ont of card paper, lay it apoQ 
a glass plate, and breathe apon it. After the deposit of 
moistnre has eraporated, remove the plate and breathe 
upon the plate again; the part formerly covered by the 
figare will condense the moistnre in a dlfferent manner from the rest, and 
the figare agaia become visible. The experiment may be often repeated, 
and at considerable intervals, with eqaally satisfactory resalts. 

2. On a glass plate well rnbbed off with freshly heated Tripoli, or apon 
a plate deaned ready for a dagnerreotype Image, place a seal of metal or 
stone which has not been recently cleaned off, allowing it to remain for 
some honrs. The plate, on being moistened, will show the Image of the 
stamp. Or, inversely, the stamp or seal may be cleaned, instead of the 
plate. Even withont fresh cleaning, Images may sometimes be obtained, 
althongh a longer exposnre is reqaired. Dlfference of temperatnre in 
the bodies facilitates the formation of the Images. Instead of breathing 
on the metal plate, it may be exposed in the dagnerreotype mercarial 
apparatas to the vapor of mercary, by which means the Images will remain 
permanent. They will also become visible by exposnre to the vapor of 
iodine, or, at least, they appear when the iodized plate is bronght oat to 
the ligbt. Coins are less adapted to this experiment than seals or gema, 
especially when the latter have a simple drawing or writing on a cleau 
sarface. 
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EXPERIMENTS ON MOTION. 

(a.) EZPEBIHEVTS OJS YABIOTTS SHTDS (fg HOTIOV. 

[115] Free falL — The laws of the free fall of bodies are shown by 
means of Atwood's machine, the general arrangement of which is 
shown in fig. 217. In parchasing tbis machine, attention shonld be paid 



Fig. 21T. 



to having a seconds pendalnm, which shall 
release the falliag weight. This release 
can, indeed, be effected bj band, with the 
ose of anj other pendolnm, and the re- 
qnisite skill may soon be attained by 
praetice, bnt this is lost again from year 
to year, and before each new experiment 
fresh practice is necessary. The wbeel 
mQst move yery easily, and, to secare this, 
it mnst mn on steel points ; the points 
of the axis and the bearings mnst be wiped 
clean after nse, to preyent their becoming 
gnmmy, and fresh oil mnst be applied 
each time before nsing it. Friction 
wheels increase the cost of the apparatns 
very considerably, and, if the work be 
otherwise good, are nnnecessary. When 
the wheel is a solid disk of uniform thick- 
ness, half its weight mnst be added to the 
other two weights of the machine, in order 
to calcnlate the accelerating weight which 
mnst be added: no rnle can be given for 
open wheels, which are lighter, bnt the 
accelerating weight mnst be determined 
by experiment. It is better, therefore, to 
choose a solid wheel. To place the scale, the divisions of which shonld be 
abont an inch in length, perpendicnlarly, the arresting ring is fixed to the 

(135) 




Digitized by 



Googk 



136 PHTSIGAL EXPEBIÜfBNTATION. 

bottom of the scale, and the fiilliag weight nsed as a plnmmet; the 
adjastiDg screws are then sei so that the weight shall hang oTer tiie 
oenter of the ring. Before proceeding to the actaal experiment, the 
friction mnst be compensated ; this is effected by the disks of tin plate, 
fig. 218, which are laid npon the falling weight, until a slight impulse 
with the finger will caose it to traverse anifonnly the whole 
Fig, 218. length of the scale, withont, however, being able of itself to 

M ^ overcome the friction. 

BB The weight which is to cause the fall is placed opposite 

^^^ of the äbale and the ring which arrests it at 4, 9, 16, etc. The 
stage is placed at a distance, corresponding to the yelocitj of the weight, 
at the ]>oint where the accelerating weight is removed ; that is, when this 
weight is arrested at 4 — ^in 2 seconds — ^the nnmber of divisions at which 
the stage is placed below the ring is expressed by 4, 2 X 4, 3 X 4; 
when the ring is at 9 by 6, 2 X 6, 3 X 6, etc., according as the weight is 
to mn 1, 2, or 3 seconds. The stage mast be placed so that the top of 
the descending weight will be opposite the required division when it is 
arrested, becanse the bar is removed when this upper snrface of the weight 
passes the level of the ring. For this reason, the length of the weight is 
always made to correspond to 1 or 2 divisions of the scale. When the 
experiment is began at the first division, with 1 second fall, the resolts 
are not accurate, becanse the inflnence of the distnrbing causes is feit too 
sensibly. 

When the ring and stage are properly adjnsted, and the load placed at 
zero, the weights mast be bronght to rest perfectly, before starting the 
pendulum, otherwise the experiment will not socceed welL Eveijthing 
eise depends on the special constrnction of the machine. It is desirable 
to have the top of the pillar broad enongh to sapport a glass bell over 
the roUers, or eise to have the whole ranning gear moyable, so that it 
can be packed away in a box. 

The laws of falling bodies can also be demonstrated by means of balls 
mnning down a long inclined beam, as was done by Galileo. The beam 
mast be perfectly straight, and made of several pieces glned together. 
The groove is formed by two ledges nailed to the sides. It mast be 
divided into half feet, and have sach an inclination that the ball will 
descend half a foot the first second. The beam mast be from 8 to 10 
feet long. 

[116] Motion of prOJectileB. — The parabolic motion of projec- 
tiles can be most readily sbown by means of the apparatas represented in 
fig. 219, in which a ball rolling down the grooTe a b acqaires sach a 
velocity as to describe the parabola b, 1, 4, g. The groove a b forms part 
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oi a circle, and is carefiillj smoothed out with pomice. Care rnnst be 
taken that the horizontal line c d, eztending from the end of the groore 

Fig. 219. 




a b aloDg the board 6 e, be actaally tangent to the carve of the grooYe. 
As the theoretical velocitj of projection can never be attained, it will be 
best, before describing the parabola, to let the ball roll down the groore 
and thas determine the random bj experiment, and afterwards to draw 
the corresponding parabola c 1, 4, g. The base contains a cavitj m n 
fiUed with sand, to arrest the motion of the ball. Before experimenting, 
the apparatas mast be placed in a vertical positiou bj means of leveling 
screws. The board b e should be made of light-colored wood, so that 
the well-defined line of curve 
maj be seen at a distance. ^' 

Any wood may be used if it 
be painted white or covered 
with paper. 

[117] BotarymotioiL 
— The laws of central motion 
are well illnstrated by the 
apparatns in fig. 220. In its 
essenidal featnres it consists 
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of a large wheel A A, connected bj an endless cord with a smaller wheel 
B, on the azis of which yarious appendages maj be screwed, and thoB 
set in rapid rotation. The latter has one pivot on the base board, and 
the other in the cross-piece c c ; this is eren on the top, to allow a circnlar 
board to be screwed npon it, for the Performance of a certaiu electrical ex- 
periment The axis of B, with its screw, mnst project above this board, 
represented in the fignre bj a dotted line. In constrncting the apparatns, 
care mnst be taken to have the two wheels in a simple proportion to each 
other, so that the nnmber of revolntions which the smaller makes m a 
given time maj be easily dednced from those of the larger. For nniform 
motion, the larger wheel shonld have considerable weight, so as to admit 
of the apparatns being nsed for other experiments than those now referred 
to, e.g, on sonnd. This can be effected hj screwing a cast-iron ring to 
the nnder side of the wheel. The ring can be cast at any fonndry, from a 
pattem cnt ont of ^ inch board, and the few holes necessarj for its 
attachment by screws are easily drilled out. To keep the cord at any 
reqnired degree of tension, the azis of the driving- wheel may be made to 
move along the base board c c, fig. 221, and secnred by a clamp a. The 

Fig, 221. 




axis mnst then rest firmly npon the cross-piece m m, with a Square Shoulder 
passing throngh m m and n n and ending in a screw with a nut and 
washer, which presses both cross-pieces firmly against the base board. 

Instead of this mode of fastening the driving- wheel, the sliding piece B, 
figs. 222 and 223, may be inserted into the base board, carrying the fixed 

Fig. 222. 




axis of tue wheel, and adjustable to the proper tension of the cord by a 
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8cr«w. In this fignre, tbe driying-wlieel is of iron. The puUej-wheel 
rans on a screw below, and the npper end of the axis worka in the brace 

Fig. 223. 




2> ; this arrangement is, however, not soitable for the attachment of the 
circnlar board before mentioned. 

[118] Experiments with the whirling macliine.— Screw 

OD to the palley the apparatus shown in fig. 224, j^ the natural size. It 




consists of a thick block a b, loaded above and below with lead, which need 
not be more than an inch thick, if the driving-wheel is heavy enongh. 
Two nprights a c and b d are mortised into the ends. A polished steel 
rod e f goes throagh these nprights, and is fastened bj a head at one 
end, and a screw and nnt at the other. It shonld be 1 to \\ lines thick. 
The wooden or ivorj ball g slides easily on this rod bj a hole throagh 
the Center. Fonr brass rods h h are fixed exactly in a sqaare at eqnal 
distances from the center of rotation, and connected bj cross rods with 
screws passing over the wire ef, Two of them serve as sapports for the 
pnlley i, so adjnsted that the axis of motion shall be tangent to its circnm- 
ference. A silken cord passing over this pnllej connects the ball g with 
the little brass platform shown in fig. 225. Its disk k k h jast large 
enongh to move np and down freely between the 
rods h h withont escaping from them. A namber 
of disks, like fig. 226, can also be laid on the plat- 
form, and their weight is so arranged that half of 
the weight of the platform can be assnmed as 



Fig. 225. Fig. 226. 
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xadtj. The cord has three loops by which the baU g can be plaoed at 
distances firom the cemter, which are to eaeh other 1:2:8. 

We maj now show in a general waj, that with the same position of 
the ball, the greater the weight to be raised the greater mnst be the 
Telocitj of rotation, and that when the ball is mored from the distance 
1 to 3, and the speed of the wheel rednced to one-third, so that the ball 
mores in its orbit with the same velocitj as at the distance 1, the weight 
will not be raised withont aocelerating the rotation. By means of a pen- 
dnlnm, the nnmber of revolations of the driving-wheel in a given time 
maj be ascertained, and from the ratio of this wheel to the pnlley the 
nnmber of revolntions of the ball are known. Computing from this the 
periods corresponding to the radii 1, 2, 3, it may be shown by calcnlation 
that in any two snccessive ezperiments the centrifngal forces dednced 
from the radii and the periods of revolntion are proportional to the 
weights raised. In this ezperiment, the yelocity mnst be rery gradnally 
increased and maintained nniformly, which is mneh easier with a very 
heayy driving-wheel. With a litüe practica, the weight may be held 
snspended at a little height, and the period of revolntion then estimated 
with a pendnlnm. The exact moment of raising the weight is easily 
observed, by pasting a disk of white paper, exactly the same size bs the 
weights, on the board directly beneath them, so bs not to be visible nntil 
they are raised. 

(2) The arrangement fig. 227 is designed to show that, with eqnal 

Fig, 22T. 



12. 
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periods of revolntion, the centrifngal force is proportional to the weight 
as well as to the radins. The weights of the two ivory balls a & are in 
the Proportion of 2 : 1, and both slide easily on the wire m m, which 
mnst not be over a llne in thickness and very uniform. The balls are 
connected by a silk cord, and are placed for the experiment at distancea 
from the Center inversely proportional to their weight If this be exactly 
attained, the balls will retain their position at every velocity. 

Fig, 228. 




(3) The inflnence of mass may be shown by the apparatns fig. 228 : 



Digitized by 



Googk 



PHT8ICAL EXPEKIMENTATION. 



141 



abfC d are two glass tabes about the thickness of a finger, sealed at ooe 
end. Thej are ^ fiUed with mercarj, ^ with water, and ^ left empty, 
and the end tightly cloaed with a good cork. The npper ends are let a 
Itttle way into the aprights m n» and the lower ends held fast bj the semi- 
cjlindrical block e, which is excavated to receive the corked ends and 
screwed down to the base board. When the apparatns is set in rapid 
rotation, the Contents of the tabes assnme an inrerted position, the 
mercurj appearing above and the air below at b and c. The rapid increase 
of the centrifngal force with the velocitj of rotation maj be exhibited 
yery well bj slinging a tnmbler filled with water, bj three cords, as seeu 
in fig. 229, and whirling it rapidlj ronnd the head. 

The same experiment can be shown more neatlj with the apparatns 
fig. 230, consisting of a globnlar glass vessel cemented to a wooden foot, 
bj which it can be screwed to the whirling machine. Mercorj and 
colored water are poared into the yessel in qaantities not qoite snfficient 

Fig. 229. Fig. 231. 



Fig. 230. 





to fill the bnlged portion and leave a cylindrical space, as wide as the 
mouth, empty. When a rapid rotarj motion is commnnicated to the 
glass, the mercnry and water will form rings aroand the bnlged sides. 

(4) The appendage fig. 231 serres to illnstrate the flattening of the 
earth bythe centrifngal force. It is easilj made as follows: a a is a 
iarned block of hard wood, which can be screwed to the axis of the 
whirling machine; & e is a slender sqnare rod, somewhat thicker at e, 
ending in a good screw ; m m m is a thin brass hoop, pierced with sqnare 
holes at fonr opposite points. This hoop is fixed on the rod as shown in 
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the ^gtae, and the lower end screwed down fost When rapidly tomed, 
the hoop describes a spheroid. Two hoops fastened on the rods at right 
angles to each otber show the form of the spheroid more distinctly. 
The effect of rotary motion may be illnstrated yery well bj means of 



Fig, 232 





the centrifagal railwaj, which can be par- 
chased in the toy shops, or made in a very 
simple way, by fastening a gntter of tin to 
a board, as shown in fig. 232. The diam- 
eter of the ring shonld not exceed y^^ of the 
height of the fall A smooth ballet laid 
in the top of this trongh will ran throngh 
its whole length. 

(5) 2%c centrifugal pendulum. This 
arrangement is instmetive on accoant of its 
ose in the steam-engine. An npright rod 
b is fixed into the cap a, fig. 233, which 
screws on the axis of the machine. The 
two pendnlams p p work on hinges at the 
top of this rod, bat can only move in the 
slits of the arc m n, shown in section in fig. 
234. The more rapidly the machine is 
tamed, the more rapidly the balls diverge. 
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Fig, 235. 



Fig. 236. 



[119] The gyroscope. — This apparatas coQ$ist8 of a heavj metallic 
ring, revolving on an axis which is hang in gimbals, llke the mariner's 

compass, bo as to be free to assume' anj 

Fig. 234. position. It is also contriTed so that 

*"■ O "^ the Prolongation of the axis maj be 

sapported at one end on a steel pivot 
while the other end moves freelj around it When set in rapid rotatiou, 
and one end of the axis thns snpported, the ring will revoke aronnd the 
sapport in the direction in which the particles at the bottom are moying. 
The details of its constmction varj so mach that no general directions 
for its management can be given. This apparatns illastrates yery beanti- 
fally the effect of the centrifngal force of each particle in resisting any 
change of the plane of rotation, A clear comprehension of this principle 
is necessarj in order to anderstand the cause of the change of seasons.* 

[120] Foucaillt'S experiment. — The principle of this experi- 
ment, which proves the earth's rotation on its axis from the apparent 
rotation of the plane of oscillation of a pendalam, maj be clearlj 
illostrated bj screwing the apparatas fig. 235 on the whirling machine, 
setting the pendnlam in mo- 
tion, and tarning the machine 
verj slowly. As the ball is 
suspended by a verj fine 
thread, the apparatas maj be 
tamed a namber of times be- 
fore the torsion of the thread 
changes the plane of oscilla- 
tion. Its application to the 
rotation of the earth may be 
shown by setting the little 
arch on the meridian of a 
globe, fig. 236, and showing its 
action at the poles and at the 
eqaator. 

In making Foncaalt^s ex- 
periment) the first requisite is 
a firm, lofty point of saspension, with a height of 20 feet or over ; the rest 
is very easily managed. The experiment sacceeds, indeed, with a pendulum 
from 14 to 15 feet long, so far as to show the apparent revolution of the 
plane of oscillation from west throngh north to east; bat the amonnt of 

♦ Very ezcellent gyroscopes are sold by the Holbrook School Apparaten Manu- 
fMturing Co., in Hartford, for $8. — Tränt, 
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motion is sometimes more and sometimes lesa than 15 X sin. ^ (9^= laü- 
tade.) 

The pendulum shoald be a cannon ball, of at least 12 Ibs. weight. It 
shonld be allowed to float on mercarj and the appermost point marked as 
the point of snspension, first with chalk and afterwards with the center 
drill. With a ressel of proper shape, the experiment does not reqnire 
mach mercnrj. If the point of the drill be blanted in marking the spot, 
it will not be possible to work the ball properly, and heating will not 
mend it The ball mnst be centered in a lathe on the spot marked, and 
tnmed accnrately. A hole abont ^ of an ineh in diameter mnst then be 
bored throngh the center, a piece of wood shaped like fig. 237 inserted in 
the lower end, and the npper end bored out wider and an internal screw 
cnt in it, to receive a brass plag, as in fig. 238. This plag most be bored 
Fig. 237. 

Fig. 238. 





nearlj throagh from the ander side, tnmed off concentric with the ball, 
and a hole the size of a fine knitting-needle bored qnite throagh in the 
center. A steel or iron wire, jost strong enoagh to sopport the ball, is 
inserted throagh this hole, and fastened bj wrapping it aroand a bit of 
stoat brass wire resting against the bottom of the plag. The npper point 
of Suspension maj be formed bj simplj boring a fine hole throagh a stont 
hook, passing the wire throngh it, and wrapping the end aroand the shaft 
of the hook ; bat a better mode of saspension is shown in figs. 239 and 240. 
A polished steel plate with a slightly concave snrface is inserted in the 
npper side of the hook, and the steel stirrnp sopported on it by the steel 
pin b ; the wire passes throagh the small hole a in the stirrnp. 

Before making the experiment, the ball mnst be allowed to hang qoietly 
for a cousiderable time, in order to Stretch the wire and destroj the 
torsion, which maj be aided by the band. 
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Fasten a striog to a nail in the direction in which the pendnlnm is to 
move, and observe ezactly the point of the ball which lies in a straight 
Fig, 239. Fig. 240. 





line between this nail and the wire, and mark it with cbalk. Make a wide 
loop on the string, fix this aronnd the middle of the ball, and draw the 
ball ont, as far as its vibrations are to eztend, bj winding the string aronnd 
the nail ; the arc of Vibration shonld not be very long. Tnm the ball in 
its sling, nntil the point marked is again in the plane of the wire and the 
nail. 

Deseribe npon a circnlar board the angles over which the pendnlnm 
will more every qnarter of an honr, place the center of this board nnder 
the point, fig. 237, before fastening the ball in the sling, and let the point 
at which the gradnation begins be in the line between the wire and the 
nail 

When the ball is perfectly still, which maj be hastened by letting it 
strike gently against a stick the end of which is held on the floor, (it 
is better to wait abont an honr,) set the ball in motion by bnming off the 
string beyond the loop. 

[121] The {lenduLum.— The fall of bodies throngh chords and 
arcs on the diameter of a circle may be illnstrated by the apparatns 
figs. 241 and 242. It consists of a wooden ring A A Ä, with a smooth 
grooye a a a on the inner side : this ring is fastened by means of a small 
foot to a base board with adjnsting screws, and the foot itself is widened 
on one side so as to form a small dish to hold sand. 

A yeiy shallow dish, or even a flat board with an opening correspond- 
ing in depth and breadth with the inner groove, is fixed to the top of the 
ring opposite the lower dish. One or more inclined planes mmnn, also 
grooyed, can be screwed to the sides of the ring. 

Now snppose one of the chords m m n n be screwed on, and a ball held 
wiih one band in the opening of the npper dish ; with the other band 

10 



Digitized by 



Googk 



146 



PHTSICAL EXPERIMENTATIOK. 



hold a eecond ball on that part of the chord borreBponding to the inner 

groove, and let them fall simnitaneonslj : thej will reach the bottom at 

Fig, 241. J^^. 242. 




Fig, 244. 



nearly the same instant In the same way, balls may be allowed to roll 
down an arc of the circle and its chord at the same titne. The isocbronic 
property of the cycloid may be easily illnstrated by cntting ont a board in 
this shape with a grooTO on the inner side. 

The apparatns figs. 243 and 244 is yery eonyenient for ezperiments 

with the pendnlnm. Its constmctiou 
is as foUows : the narrow npright a h, 
with an arm c, is secnred to a stont 
triangulär base, with or withont level- 
ing screwB. A nnmber of smaU hooks 
are screwed into the under side of 
this arm, to which simple seconds 
pendnlnms of cork, lead, wax, stone, 
etc., are attached; and also one 
beating half seconds, and anotber, 
to which small leaden balls are fast- 
ened, at short interrals. The length 
of the seconds pendnlnms is measnred 
from the bottom of the hook to the 
middle of the ball : the proper leng^ 
is easily attained by making the silk 
string longer than necessary and tying 
knots in it. The pendnlnm, made of 
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seyeral leaden balls, is formed by screwiog two little hooks into opposite 
sides of each ball and connectiDg tbem by cords. By casting the balls 
aroand a wire smoothly coated with asphaltam, this may afterwards be 
drawn ont and the labor of boring the holes spared, which is no trifle in 
lead. This peudnlnm serves to illastrate the difference between the 
phyaical and the mathematical pendnlam. Besides the ann c the npright 
bas an iron braeket d, which is figured on a larger scale in figs. 245 and 
246. The arm c a is riveted to the plate bj which is let into the.wood of 
the stand and fastened with 6 screws. The forked ends a a of the arm 



Fig, 245. Fig. 246. 
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Fig. 247. 

u 




haye two semicircnlar depressions to serve as bearings for the iron plate 
dd, Vi front view of which is seen in fig. 24t ; they are first worked out as 
accnrately as possible with a file and then polished with emery on a 
cylinder of wood set in a lathe. The plate d d in wronght ont of 
one piece. and the axles e e tnmed. Two plates of cast-steel, as hard 
as glass, and of the form shown in fig. 24ty with highly polished cylin- 
drical faces are inserted in opposite sides of d d, as bearings for the 
knife edges of the pendnlam. These two plates may be made by laying 
two pieces of cast-steel together, screwing them up in a vice, and then 
boring a hole throngh them so that one half of the hole shall be in each 
plate ; they are then gronnd together on a cylinder of brass with emery, 
filed to the proper shape, and then hardened. They are afterwards 
gronnd again with fine emery on wood, and polished with jeweler's ronge. 
The pendnlam snspended in this manner is free to move in eyerydirection 
and can assnme at once a perpendicnlar position, so that the stand does 
not reqnire to be lereled, thereby saring mach tronble. 

The knife edges are made of cast-steel, shaped as accnrately as possible 
with the file, and hardened ; they are then gronnd with emery on a gloss 
plate, to give them a straight edge. They may be finally polished with 
ronge on a linen rag. This can be done more rapidly, however, with a 
disk of wood 5 or 6 inches in diameter, coated on the edge and snrface 
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with feit and fixed on the lathe. Tbis disk is rerj conveiiient in making 
manj optical insirnments. It is smeared with ronge and water, and 
turned yery rapidly. 

The pendnlnm rods are made of wakiut or apple wood, abont a centi- 
meter sqnare. Where the knife edges go throagh, two brass platea, a a 
b b, figs. 248 and 249, preYionsly perforated to receive the knife edges, 

are let into the wood and fastened 



Fig. 248. 



Fig. 249. 



n 



'^AA 



w^ 



with rivets going throngh the rod. 
A triangulär Perforation is after- 
wards cut throngh the wood with 
a chisel, and the knife edges driyen 
throngh with a few gentle taps with 
a mallet. One pendnlnm has two 
such knife edges at the reqnisite 
distance to form a simple seconds 
pendnlnm, (= 104 centimeters,) the 
oiher has only one in the middle 
for experiments on inertia. The 
rods are gradnated to centimeters. 
The balLs are made of lead cast 
in wooden moulds eoated with 
graphite. Throngh the monld is passed a short rectang^lar bar of smooth 
iron slightly thicker on one side than on the other, as secn in the cross 
section, fig. 250 ; the smaller side is abont 1 centimeter in thickness. 
Points are marked with a pnnch on the ends of the bar, a 
a little to one side of the center. This bar is set into the 
monld so that the points marked will be in the center, and 
the opening in the weight therefore eccentric. The balls 
are afterwards tnmed ofif on this bar nntil thej have the 
proper weight, and the bar is then knocked ont The weight of the bar 
^^ 251 must, of conrse, be known, 

and likewise that of the 
Fig. 251a. brass piece ft, figs. 251 and 
251 o. The latter is set in 
before inserting the bar, 
and completelj fills the 
apertnre ; the thnmb-screw 
a pressing against this fast- 
ens the weight to the bar 
in any position. The edge 
b mnst be a whole nnmber 



Fig, 250. 
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of cenümetera from the center of the baU. The bau may be varnished 
black with shellac and lampblack. The balls may be held in place by a 
simpler bnt not so neat arrangement, of two brass slides fastened to 
the rods by thumb-screws ; the hole for the bar is then made Square, fig. 
252. When the points where the weights shoald be p^^ 262 Fiq, 253 
fixed for the reversion pendnlam are calcalated, they 
shoald be marked on the rod. The weight of the 
balls is also marked on them. 

For ezperiments on inertia, it is necessary to haye a 
small ball of aboat j to ^ Ib. weight, 2 of 2 Ibs. each, 
and 2 of ^ Ib. To make the ezperiment, fix the 
he&yy balls at eqaal distances from the point of sns- 
pension, and the lightest one at the end of the rod, 
as in fig. 253, and observe how many beats the pen- 
dnlam makes in a minnte. The time of the beats 
will remain nnchanged if the ^ Ib. weight be fixed at 
twice the distance from the point of snspension. 

To make the experiment with the rerersion pendn- 
lam, fasten two balls of eqnal weight to the rod with 
two knife edges, so that the middle of one will be 80 
and of the other 120 centimeters from one of the edges ; 
the time of yibration will then be nearly eqaal on 
both edges. 

[122] Fendulums with andible beat— A seconds pendnlam, 
constracted as aboye described, will go an honr or more, bot it is incon- 
venient for many pnrposes, becaase its beat is not aadible. To make a 
pendnlam which shall beat aadibly, fasten to the top of the rod an irou 
fernle a, fig. 254, in which the iron tongne pf^ 254. Fig. 255. 

hci& soldered. The axis passes throngh 
this tongae at e and a roand pin throngh 
the top, apon which the bent hammer 
is hang throngh a slit r, fig. 255. The 
strokes will then be andible, bnt mnst be 
connted. 

It is more conyenient and advantage- 
ons to procnre from a clock-maker an 
arrangement with a ratchet-wheel and 
anchor escapement, with a band fixed 
on the axis to mark the seconds on a 
dial-plate, as seen in fig. 256. The 
pendnlnm rod is then made of iron, so 
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Fig. 256. 




\^r^^ 



that a leaden ball bored leDgthwise or sidewise can be fixed on it bj a 
screw. Por the short time daring which the experiment will last, no 

compensation arraDgement is necessaiy. Tbe 
clock-work is sapported on a frame, behind 
which the weight and the pendolum hang. 
This frame shoald not be oyer 4 or 5 feet 
high so that the motion of the escapement 
can be conyenientlj seen, as this arrangement 
serves at the same time to illastrate the 
commonest way in which a pendolom is con- 
nected with clock-work. To allow it to ron 
longer, make the wheel aroand which the 
cord rnns rerj small, and hang the weight 
on a movable pnlley. The pendnlum mnst 
be regnlated bj a simple seconds pendalnm 
or a good watch. 
A more complete bnt more expensive 
arrangement is shown in figs. 257 and 258, ^ to ^ the natural size. 
The weight is so arranged that it can be wound np withont stopping the 
motion of the clock. The ball may be made of cast-iron, and shoold not 
be less then 10 Ibs. in weight. 

[123] Impact. — For experiments on the laws of impact the inelasüc 
bodies may be balls of unb.nmt clay of varions sizes, into which hooks are 
fixed while in a soft State. Their weight may be adjnsted with a rasp, 
after drying. Bat these balls have still some elasticity, and the resolts 
will, therefore, not correspond closely with the law. They are snspended 
by silk strings from a firame, sach as is shown in fig. 259, of ^ the natural 
size. The hooks of the frame pass through long slits, and can be a^justed 
by means of two nuts, so that the balls shall just touch each other and 
their centers lle in the same straight line. The arrangement might be 
made cheaper by fastening the cords with cork plugs. The experiments 
to illnstrate the law are very simple : it is only necessary to see that the 
balls hang in the same straight line, and not to make the impact too 
strong, for fear of breaking the balls; bat, as already mentioned, the 
success of the experiment will be indifferent. 

Experiments with elastic bodies succeed better. The balls for these 
are made of iTory or lignum-Titss ; five or six of them of the same size, 
one twice and another half as large. The same precautions must be 
observed. The balls will not break, bat the results are not accordant 
when the velocity is too great, owing to the imperfect elasticity of ivory. 
Special care must be taken that the balls be barely in contact without 
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pressing npon each other, and that their centers be in a straight 
line. 

Experiments on obllqae impact ag&iost a plane maj be made by 



Fig. 257. 



Fig, 258. 





placing the marblo slab described in § 73 npright on a table, and snspend- 
ing a ball by a Single string from any kind of a sapport, fig. 260. 
Describe the angles of ineidence and reflectlon on the table, and give 
the ball an impnlse in the direction of one of these llnes. The less 
perfect the elasticity of the ball, the less will be the angle of refleetion 
compared with the angle of ineidence, especially when the latter is great. 
In Üie case of ivory, the ball glides darlng the compression along the 
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sarfaoj of the slab, by which the portion of the velocity which is parallel 

Fig. 259. 




to the slab is dimiDished, and after several rebonnds the ball falls perpen- 



Fig. 260. 




dicularly against the surface. The ex- 
periment succeeds the first time, how- 
ever, very well. The law of impact 
cannot be so well illastrated on a billiard 
table, becaase the balls have, besides the 
gliding motion, which falls entirely when 
the stroke is feeble, a rotaiy motioD, 
which sometimes coincides in direction 
with the gliding one, sometimes opposes, 
or eyen makes an angle with it The 
imperfect elasticity of irory is partic- 
nlarly evident in the case of obliqae im- 
pact between two balls, where, if the 
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elasticity were perfect, the balls shoald diverge at right angles after 
the impact 

[124] Friotion. — For these experiments the apparatos shown in 
fig. 75 may be taken when it is onlj reqnired to show the amoant of 
friction of wood npon wood, and illnstrate the principal lawB of friction. 
For this pnrpose a vertical prism of wood with nneqaal faces is drawn 
OTer the horizontal board bj weights, with the fibers sometimes parallel, 
Bometimes perpendicnlar to those of the board. The prism most hare a 
hock for each position in which it is nsed, so that the cord passing orer 
the palley, to which the weight is attached, shall always be horizontal. 

The angle of inclination may also be determined at which the prism 
begins to slide down the inclined plane, and the force aeting parallel 
to the plane calcolated from this. 

The apparatns seen in fig. 261 may be nsed to show the difference of 



friction npon different snbstances. 
The wheel ^ä ^ä is made of wood 
satnrated with hot oil, or of brass; 
a band passes over it, haring a 
small Scale pan at each end. These 
are loaded with a considerable 
weight, and the excess of weight 
noted which is reqnired to be laid 
in one pan to tnm the wheel when 
the axle rests snccessirely on the 
friction wheels a a and the bearings 
m mm. Each pair of these bear- 
ings is made of a dififerent material : 
iron, brass, gnn-metal, zinc, wood, 
etc., bnt all bored alike and eqnally 
well polished. The experiment 
may be made with and without 



Fig. 261. 




The apparatns is sapported ou a saitable wooden frame. 
This is, of conrse, not snfficient to determlne the coefiicients of friction, 
bat only to show that the friction varies with the snbstance nsed. Friction 
roUers deserve especial notice, becanse they are indispensable in hanging 
Uurge bells. 
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(5.) EXPERIMEHTS OH HTBB0DTHAMIC8. 

[125] Velocity Of efflUX. — Since TorricellPs law holds good only 
when the velocity of the flaid in the vessel is so small io proportion to 
ihat of the stream flowiog oat that it maj be neglected, it reqaires a 
tolerablj wide vessel, and the Telocitj of efflax is still reduced 1 per cent 
when the diameter of the vessel is 100 times greater than that of the 
openiDg. A tin vessel, like that shown in fig. 262, j^q the actaal size, is 
chosen for the experiments and provided with a commanicating tube at 
the side, gradaated to inches and tenths, so that the height of the water 
in the vessel may be conveniently observed. There may be fonr openiogs, 



Fig. 262. 




Fig. 263. 




of which m is 4 and n 16, or any whole nnmber of inches from the 
level to which the vessel is to be fiUed, as indicated by the scale. All 
these apertnres consist of short tnbes, 2 inches in diameter, set in the 
sides of the vessel w w and closed by a valve like fig. 263, which can be 
opened by a wire or cord. The real ontlet tnbes are screwed into these ; 
they have sharp edges and vary in diameter from ^ to 1 line. Into the 
lowest opening the tube 6, fig. 263, is set in such a manner that it can be 
tumed on its axis ; the ontlet tube c is inserted in this, and the inclination 
of c may be read off on the gradnat^d circlo fixed to b and turning on a. 
Water is introdnced from a second vessel as fast as it flows out of the 
first, so as always to maintain the fluid at the same level ; bnt with very 
small ontlet tubes this precaution is not necessary if the stream be allowed 



Digitized by 



Googk 




PHTSICAL EXPEBIBfENTATION. 155 

to flow bat a short time. Instead of the valve shown in fig. 263 the tnbe 

may be furnished with a slide oatside of the vessel, as in fig. 264, which has 

the advantage of not distorbing the flow of the water when opened as the 

yalve does. It would be better still to have 

each ouUet tobe proyided with saeh a slide 

close to its moath, and the tobe a fnrnished 

with a yalve which conld be closed while 

changing the tnbes. With the arrangement 

in which the tnbe is closed some distance 

from its moath, it is necessary to open the 

yalve and allow the water to flow ont antil it 

flows qnietly, and then at a certaiu moment 

to begin to collect it, and cease before closing 

the valve ; becaose after the yalve is opened 

the wlde tnbe a mnst be filled, and emptied 

after closing it, which gives inaccnrate resalts. 

Bat this procedare always makes the room 

yery wet The revolving tnbe c, fig. 263, serves to compare the vertical 

height to which the stream is thrown with the height of the colnmn, and 

the ränge at different elevations with each other and with the vertical 

height, and to exhibit the parabolic carve of the stream. 

The foarth opening, in the bottom of the vessel, serves for the same 
experiment as m and n ; the stand has a hole throngh it for this parpose. 
The tray aroand the bottom of the vessel is to catch any water that may 
leak throngh the valves. 

The qnantity of water which has flowed ont is most easily ascer- 
tained by weighing, and for this reason it is very convenient to have 
the apparatus gradnated by French measure, so that gramme weights can 
be nsed, which saves all troable of redaction. 

If one of the ontlet tnbes be provided with several conical openings 
instead of one opening in the thin wall, their effect may also be shown. 
The effect of long cylindrical tnbes on the qnantity of water delivered 
may be shown by taking two pieces of the same glass tnbe, one fonr 
times as long as the other, and inserting them snccessively in the aper- 
tare by means of corks. 

The duration of the experiments mnst be estimated by a watch with a 
second band, or a seconds pendnlnm with aadible tick. The time mnst 
in this, as in all other similar cases, be coanted from and not from 1 as 
is apt to happen. 

To experiment on the ränge, the horizontal ränge shonld be chosen. 
From the height of the apertnrc above the floor calcalate the time 
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reqoired to fall this distance, and from the observed velocity, the distanoe 
of projectioQ for this time : mark this on the floor, and the stream will 
always fall exactlj on the spot indicated ; whereas tiie vertical projection 
will be at most onlj about 95 per cent. of the height of the colnmn. 

In experimenting on the qaantity flowing ont, the ontlet tnbes nsed 
mnst not be too small, in order to obtain actnally 63 per cent. of tbe 
theoretieal efflnx, i.e, of the qnantity obtained by mnltiplying the area of 
the opening by the calcnlated yelocity. Of conrse the area of the aper- 
tnre mnst be yery accurately determined, within at least O'l millimeter. 
If the apparatns be ordered of a mechanic it shonld be reqnired that the 
diameter of the openings shonld be expressible in as small nnits as 
possible, e,g, in millimeters. 

Snch a vessel as is here described is rather expensive, bnt the experi- 
ments can be made with Mariotte's yase, to be described directly, or with 
any yessel of snfficient width and abont 6 inches in height Bore a hole 
exactly 2 millimeters wide in the side of the yessel, and another a centi- 
meter wide, and solder a short tin tnbe to it Close the openings with 
cork, and do not begin to collect the water nntil it flows qnietly. To 
change the apertnres the yessel mnst first be emptied. With Mariotte's 
yase this is not necessary, the air tnbe need only be closed and the yessel 
inclined to one side to insert any tnbe. 

[126] Mariotte's vase. — A small yase of this kind is an interesting 

piece of apparatns from theoretieal considerations, and is yery easily con- 

stmcted. A stont glass bottle is closed with a good cork, fig. 265. A 

piece of barometer tnbe a, open at both ends and 

Fig. 265. drawn ont a little at the lower end, is heated neurly 

hot enongh to bnm the cork and pnshed throngh 

a hole bored in it a little smaller than the tnbe, by 

which a yery tight Joint will be made. Bore a hole 

in the side of the bottle with a copper ring abont 

half an inch in diameter, and cement oyer it a tin 

tnbe a little wider than the opening, with a rim 

fitting accnrately to the snrface of the glass. This 

tnbe may be arranged to receiye yarions escape tnbes, 

or a Short glass tnbe v fitted into it with a coric. 

This apparatns is yery conyenient when a continnons, nniform, and not 

yeiy large stream of water is reqnired for any pnrpose. For experiments 

on efflnx proper it mnst haye a capacity of 3 or 4 quarts and allow a 

yertical pressure (i.e. the distance between the lower end of the tnbe a 

and the leyel of the escape pipe) of about 12 centimeters. Althongh 

the pnlsations in the stream caused by the entrance of air bnbbles are 




Digitized by 



Googk 



PHTSIGAL EXPERIMENTATION. 



157 



Tery perceptible with a lower colamn of water than this, tolerably correct 
resölts will still be obtained. Tabnlated bottles saitable for this appa- 
ratos may be obtained at small expease. 

If the objeet be only to obtain a nniform stream of water, the bottle 
does not reqnire any apertare in the side ; it is only necessary to bore two 
holes in the cork, and insert beside the air tabe a siphon reaching nearly 
to the bottom of the bottle. 

[127] The cliaracter of a stream of water flowing 

vertically downward can be best shown by means of a tin vessel 
with a smaU hole in its bottom, nniform pressure not being reqnired in 
this ease. The same is shown, apart from the contraction of the stream, 
by water or qnicksilTer flowing throngh a siphon. 

[128] Barker'S Triin. — As the objeet in instmction is more to 
show the effect of lateral pressure than to obtain the maximum of efifeet, 
it is not necessary to have the arms of the machine bent, and it may be 
made, in a very simple manner, of tin, as shown in fig. 266. The iron pin 
a, soldered to the bottom of the cylinder A, 
tnms in a depression in the iron plate 6. The 
bar c c run» across the open top of the cylinder 
and to it is screwed the pin d. A strip of tin 
C C, streng^hened at the edges and bent twice 
at right angles, is soldered to the vessel B, 
and serres as a gnide for the pin d and a 
Support for an easily moving pnlley e. A 
string is wound aronnd the pin and passes over 
the pulley, to the end of which a small Scale 
pan to contain weights is attached. If the 
experiment is to be continued some time the 
lower yessel B should have an outlet tube. Ä 
is easily kept füll. 

[129] The waterram. — Mohr has devised an apparatns on a 
small Scale, which exhibits the action of this machine yery well, and can 
be constrncted without much expense. It is represented in figs. 267 and 
268. The cistem h is snpported on a frame which contains another 
cistern below, upon the bottom of which the lower parts of fig. 267 rest. 
The tube /which conducts the water downward is made either of glass or 
lead: the lower end of it is cemented into the valve shown in natural size 
in fig. 268 ; the part g which passes throngh the cork must be of glass. 
After the end of g is passed throngh the cork, a tin tube with a simple 
Aap valve is cemented to it. The tube p serves as the jet. The puppet 
valve, fig. 268, consists of a flat metal plate, with a rod working throngh 
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the stirrnp d] the length of the stroke is regnlated bj the ball r, which 
screws np and down ; the weight may be adjosted by little plates of lead 

Fig. 267. 



Fig. 268. 





-r^ nt 



strung on the rod. The tobes a and b are made of tin. It reqnires 
some patience to regalate the valve, for the apparatas does not alwajs 
work at first 
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(c.) EXPEBIMEHTS OH THE KOTIOV OF GASES. 

[130] The gasometer. — The form of gasometer which is generally 
used 18 shown in fig. 269, j'p the natural size. * The cistern b is connected 
with the vessel below by two 



Fig. 269. 



solid Supports c c and two 

tnbcs fumished with stop- 

cocks, of which a reaches 

firom the bottom of the upper 

yessel nearly to the bottom 

of the lower one, but b only 

enters the arched top of the 

lower yessel : (Z is a short 

tabe sloping upward, and 

capable of being closed with 

a cork; e is the d ischarge 

pipe ; and g a gauge to öhow 

the height of the water in the 

yessel. It is well to haye the 

gange lie in a depression in 

the side of the yessel made to 

receive it, where it will be 

less exposed to injury. To 

fill the gasometer with water, 

close d, open the stop-cocks at a 6 and e, and pour water in the upper 

yessel B, which will expel the air through b and e, When the water 

begins to flow through e, close the stop-cock and expel the rest of the air 

through b. To fill it with gas, close all the stop-cocks, open rf, and intro- 

dnce through the opening a gas tube beut slightly upward ; the water will 

flow out beslde it as fast as the gas enters. When the yessel Ä is filled 

with gas, close d. The gas may either be drawn ofif through e, or allowed 

to rise through b into a bell glass. In either case the yessel B is filled 

with water and the cock a opened. The gasometer may be cheaply 

constructed of zinc, and the stop-cocks purchased from a plumber or a 

gas-fitter. The stop-cock e need not end in a screw ; the tubes may be 

connected with it by india-rubber. 

A cheaper gasometer may be made on a small scale like those used at 
the gas-works. Fig. 270 represents one of this kind made of zinc, with 
a leaden tube which seryes both to introduce and deliyer the gas. If 
made of larger dimensions, so as to haye the inner cylinder much oyer 5 
or 6 inches wide, it becomes too heayy when filled to be carried about. 
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In tbis case, the lowercylinder shoald contain an air-tight hollow cjlinder, 
80 as to leave onlj a narrow space between the sides of the two for the 



Fig. 270. 



Fig.%1L 





water into which the upper cylinder dips. Fig. 271 represents such an 
apparatas in section; the condacting pipe being carried up along the 
side of the inner cylinder. 

To fill sach a gasometer, open the cock, remove the woights from the 
movable receiver and let it sink slowly into the water, then connect the 
gas pipe with the generator by means of a gallows screw or india-mbber 
tobing. The coonterpoise weight shonid preponderate jnst enongh to 
oyercome the friction. 

[131] Flow of gases thrOUgh tubes.— niuminating gas is the 
most convenient for these experiments. Fill the gasometer with this, 
connect with it a yery small lead pipe 1 foot in length, open the cock and 
light the gas at the month of the tnbe, and observe how mnch boms in 
a giyen time. Then replace the tabe by one of the same size but mach 
longer, not neglecting the length of the tobes in the gasometer in the 
comparison, and make the same Observation as before. The size of the 
flame giyes a yery decided indication of the dimination in the qnantity 
delivered, when the pressore on the gas does not exceed one centimeter 
of water. 

The gasometer may be fiUed by connecting it by a flexible tobe with a 
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Fig. 272. 



gas-burner. A pressare-gaoge like fig. 272, bat double the size of the 
drawing, is screwed into the top of the receiver and the reqaisite weights 
laid on. 

[132] The ezperiment of Clement and 

Desormes. — Take a circnlar plate of tin M M, fig. 
273, from 2 to 4 inches in diameter, with a hole in the 
Center : solder a collar h to this, and cement a glass tabe 
a into it. BIow into the tube while holdlng the plate 
Yerticallj, with a sheet of paper parallel to it and \ an 
inch distant: the paper will instantlj close over the 
opening and oscillate backward and forward before it 
The apparatas maj be varied by passing 3 pins throngh 
the disk M M, sticking a disk of pasteboard of the 
same size on these, so as to move freelj, and bending 
them over; the tin disk is then held horizontal, as seen 
in the fignre. 

The apparatas is still farther simplified by thrnsting 
the glass tube throagh a short cork, catting it off even 
with the tabe, and then glning a disk of thin smooth 
pasteboard, 2 or 3 inches wide, to the cork, and piercing 
a hole throagh it. Near the edge stick three smooth pieces of wire, and 
on these a disk of thick paper of the same size as the pasteboard. The 
holes in the paper mast be tolerably large, and the ends of the wires bent 
over. 

Fig. 274. 

A 

Fig. 273. ® 






The action of tho dranght in locomotives depends on the same principle, 
the waste steam belng allowed to escape into the chimnej, as maj be 
shown by the apparatas fig. 274. ^ is a short, wIde glass tabe, which 
may be cat off from a lamp chimney. Corks are cemented into both 
eads, and throagh one of them is passed a wide tabe B, throagh the other 
a narrow tabe d, drawn ont to a point. A hole, Ij^ or 2 lines in diam- 

11 
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eter, is bored in the aide of the tobe A, into wbieh is cementad a gksB 
tobe ahCfUCft OTer 1 line in diameter, bent like a mphon. The bolb at 
c is convenient bnt not at all necessarj. If the tabe a & c be partlj 
filled with water, it will riae in the tnbe bj blowing in at tiie narrow tobe 
C, and fall when the blast is in the opposite diiection. The most eSective 
Position is songht by moying the tnbes back and forwaid, for which 
reason they shonld not be cemented. 

The experiment maj be still forther yaried, bj lajing a few barning 
coals in a funnel-shaped expansion of the tnbe abc, and blowing throngh 
the narrow tabe : a good draaght will be created over the coa]& 
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[133] Waves in water. — It is necessary here to recall obser- 
vations which might often be made, in respect to the simplest phenom- 
eaa. For this parpose a large tnb fiUed with water is nsed, into 
which a drop of water is let fall from a pipette, to show the effect of a 
Single drop, and then several drops, on the same spot, at regalar intervals, 
to fonn a System of waves. In the same manner two Systems of waves 
are created, whose centers are at some distance apart, to show the inter- 
ference of the two Systems. Finally, the reflection of the waves by the 
sides of the tnb, or by a board plaeed in it, is exhiblted. By placing in 
the tnb a board with a slit an inch wide, the bending of the waves may 
also be shown. 

Mfiller's stroboscopie disks, and Wheatstone's apparatns, as improved 
by Eisenlohr, are very well adapted to exhibit these, and all other phe- 
nomena of nndnlation. The latter is rather ezpensive, bnt has the 
advantage that the phenomena can be shown to the whole andience at 
once. The foUowing apparatns can easily be made anywhere. Fig. 275 

Fig. 275. 




shows an azis made of bent wire, terminating at one end in a screw, on 
which the wooden ball a is screwed, which carries in tnrn a large glass 
bead & on a slender wire. The other end forms a winch. Two Shoulders 
c c soldcred to the axis prevent it from slipping abont. Abont twenty 
snch wires, withont the Shoulders c c or the winch, and abont half as 
thick, are fixed in the box Ä, fig. 276, which fhrnishes a common snpport 
for all, the axis flg. 275 being plaeed in the middle. The sides of the 
box are made in two pieces, as shown by the dotted line, and the wires are 

(163) 
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laid in their places before patting the pieces together, tlie knobs being 
all on the same aide. The cranks/ of fdl these wires are now connected 

hy the bar e, fig. 276, which 
Fig, 276. consistsoftwo Strips nnited 

by screws, so that all the 
axes can be tnrned by the 
motion of one winch. The 
knobs a are now tnrned 
until the glass beads 6 
occnpy the positions shown 
for a snccession of twelve 
in fig. 277. 

The foUowing is a pretty 
experiment on the Reflec- 
tion and Interference of 
Waves of Liqnids : make a 
trough of wood or paste- 
board, 3 or 4 inches long, with elliptical sides. If it be of wood, cat an 
elliptical hole throngh a piece of hard wood, and glae a bottom on it 




Fig, 277. 



c 
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Fill the trongh with mercnry, and let drops of merenry fall from a pipette 
on one of the foci : the waves reflected from the sides will interfere with 
the direct waves and form a little elevation at the other focas. It is well 
to have the pipette fastened in some way over the focas, in order to let 
the drops fall with better aim. 

[134] Waves of a rope. — The rope nsed for this pnrpose shonld 
be as long as the room allows, and not too thick : for a length of 20 feet, 
\ of an inch is thick enough ; it mnst, above all, be very soft, and, there- 
fore, when a snitable old rope cannot be obtained, the new one mnst be 
rolled np and beaten with a wooden mallet on a block nntil it is qnite 
soft. One end of the rope is fastened to the wall, and the other end held 
slack in the hand. A horizontal jerk prodnces a wave, yarying in length 
with the extent and rapidity of the jerk, which mns to the other end, is 
there reflected back to the hand, and this is repeated once or twice with 
decreasing inten sity. 

By continuing to move the hand, it is easy to form a snccession of 
waves of such length that they will be aliquot parts of the whole length 
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of the rope, and the reflected wayes will then coincide with the sacceeding 
forward waves. 

[135] Nodos of Vibration in bars. — In the holder described in 
one of the socceeding paragraphs, fix a bar of straight-grained pine wood, 
aboat 1 centimeter Square and 3 or 4 decimeters long. By strewing the 
Upper side with sand, placing the finger at abont one third the length of 
the bar, and drawing a violin bow in a vertical direction over the bar 
near the finger, with a motion toward the holder, a node of Vibration may 
be prodnced. 

[136] Nodos of Vibration in StringS. — ^These are exhibited 
by the monochord, to be described presently. Gare mnst be taken 
to make the strips of paper whieh lie on the nodal points very 
narrow; they may also be of a different color from the rest Fig. 278 
shows such a rider of the natural size. The degree of tension of the 
string 18 indifferent, if it only give a sound, and the bridge set 
ander it form a little elevation, so that the string presses hard ^V* ^78. 
npon it. The Vibration is best prodnced by a violin bow, m 
laid on near the bridge, and drawn at right angles to the §\\ 
string. 

[137] Nodal Points on snrfEtcos. Sound-flguros.— in 

selecting panes of glass for this purpose, choose clear glass of uniform thick- 

ness about equal to that of ordinary window glass. When it is thicker it 

18 not so easy to produce complicated figures. The size is indifferent, but 

it is difficult to obtain complicated figures with small panes, aud large 

ones break easily : 1 to 2 decimeters Square is a good size. The sharp 

edges must be rubbed off on a grindstone. The apparatus fig. 279 is 

very convenient for holding the plates ; it 

is made of iron or some tough wood. The Fig, 212. 

little knob a and the round end of the 

screw are covered with thick buckskin. It 

18 clamped on a table by the screw c, The 

vibrations should be produced with a 

Violoncello bow, the violin bow is too 

weak ; it is stretched tight and well rubbed | 

with rosin. 

To produce any given sound-figure: 
clamp Üie pane of glass at a crossing point 
of the nodal lines between a and 6, strew 
the snrface with fine sand, hold the tip of the finger on a point of the 
edge of the glass near the point of attachment, to which a brauch of a 
nodal line is to run, and draw the bow vertically downward across a part 
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of the edge where the glaw miist haye most motion. The stroke mnst 
generally be repeated several times before the figure is developed. 
Writing-sand is best for the pnrpose. A fignre different from that 
songht will often be prodaced ; this dependa upon the vamble elastictty 
of the glass in different direetions. If it does not succeed with the three 
points chosen, trj others. For the purpoees of instmction it is, howeyer, 
gafficient to show the perpendicalar and the oblique cross on a sqaaje plate, 
and the cross and six-pointed star on a ronnd disk, and these seldom faiL 
For all of these the plate must be held by the middle, the finger held on 
one limb of the fignre, and the bow drawn across the edge between two 
limbs — ^that is, for the vertical cross on a sqnare plate, near one comer. 
After each experlment, the leather which covers the knobs a and b mnst 
be carefnllj freed from sand, otherwise a grain of sand maj be fbrced into 
the glass bj the pressure of the screw, and then the glass will break when 
the bow is drawn across it. But with every precantion, glasses will often 
be broken in this way ; this is an unavoidable difficulty with glass, and is 
all the more annoying when it is desired, for an ezperiment to be men- 
tioned presently, to prodnce always the same pitch. Metal plates wonld, 
therefore, be unquestionably superior, if it were not so difficult to procore 
them of tolerably uniform elasticity. Complicated figures, which belong 
to high notes, are easily obtained with a flat plate of brass, but the 
simple ones not so easily. The desired result is most easily obtained in 
the following way: have a brass plate about 1 to 1^ millimeters thick and 
6 or 8 inches on a side, beaten flat with a wooden hammer, file it Square, 
and keep it a uniform red heat for 5 or 10 minutes in a heap of coals 
briskly fanned. After cooling slowly, polish it first with pumice-stone 
and water, and afterwards with a piece of beechwood chaicoal and oil. 
If the brass be good, the plate treated in this way will always give the 
two Grosses. 

To render the nodal lines of bell-shaped bodies visible, any wide glass 
cylinder will answer, or eyen a thin-edged tumbler. Fill it half füll of 
water, and draw a well-rosined yiolin bow across the edge: holding the 
glass fast if necessary by two fingers near the bottom. 

[138] Fropagation of sound in tubes.— Tubes of gutta- 
percha, peculiarly adapted for this purpose, may now be obtained of any 
length. 

[139] Reflection of sound. — A concaye mirror designed for the 
reflection of heat may be nsed in these experiments. A watch held in the 
focus can be heard at a considerable distanoe, when eyerything around is 
stiU. 

[140] The theory of the organ pipe is iilnstrated most 
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deariy hj means of Professor MfOler's waye-disks. Thej, and the stro- 
boBCopic disks in general, shoald be held 1^ to 2 feet firom the mirror. 
Their constmction is e:cplained in § 1*77, fig. 351. 

[141] Experiments With pipes.— A wbole octave of wooden 
pipes may easilj be had from an organ-bnüder. A bellows with a wind- 
ehest to fix the pipes into is convenient, but not necessary ; if one is 
pnrehased, it shonld be arranged for abont 12 pipes, and have keys. Into 
one is inserted a plag, like fig. 280, the head of which is covered with 
leather on the sides, bnt not on the base, for experiments on 
dosed pipes. The depths to which this plng mnst be pashed ^- 2^^- 
in to prodnce the varions notes of a whole octave, and snch 
otbers as may be reqnired, shonld be marked on its stem. For 
the parpose of showing the nodes of Vibration, or rather the 
wayes between them, in snch a pipe, holes may be bored with 
a center-bit, abont 2 or 3 lines in diameter, and proTided with 
keys. These keys are easily made of a piece of wood, cnt as 
shown in fig. 281. A piece of sheepskin is glned to the 
bottom of the key and the projecting end b of this leather 
fastened to the pipe, with the flesh side downward ; a wire 
spring c serres to press the key against the opening. The 
holes may also be closed with simple sUdes, bnt this reqnires 
more accnrate workmanship. The simplest way is to dose 
them with the fingers, bat then the pipe can be nsed for no other parpose, 
and fewer holes mnst be made. A pipe 
for experiments of this kind mnst be ^9' ^^1* 

comparatively long, otherwise the waves 
will not form at exactly the spot re- 
quired by theory, becanse the yibrations 
in a pipe, in which the vibrations of the lip are prodaced by a small 
cnrrent of air are not regalar near the end. The pipe mast be at least 
two feet in length. Fonr holes may be bored in the same pipe, one for 
the closed and another for the open pipe, in the proper places, and two 
others at points not corresponding to any belly, for the parpose of showing 
the effect in this case also. The pipe mnst, howeyer, be closed, not by a 
plag, bat by a pasteboard cap, so that the length of the tnbe will not be 
altered. The hole for the open pipe is made in the middle of the length, 
that for the closed pipe abont ^ the length from the bottom. 

[142] To show that the pitch is not affected by the Material of ike 
PipCf a month-picce may be made as in fig. 282, and pipes of wood, tin, 
pasteboard, etc., of the same size and length, set on it; they will all give 
the same pitch bat not the same timbre. This difference of sonnd is still 
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Fig. 282. 



greater when the lip is made od the piece sei on. Bat as the thicknesa 
of the wood at a acts as so-called ''ears,'' making the tone deeper, similar 
pieces must be soldered on when the pipe is made of 
tin. The introdoctlon of gas into the bnilding makes 
it verj easy to show the inflnence of the kind of gas 
blown through a pipe, on the pitch. It is onlj 
necessarj to connect the pipe with a gas bnrner, by 
means of an india-rnbber tube, to obtain a uniform 
tone, abont one second higher than usnal. With 
narrow pipes the experiment sncceeds when the gas 
has a pressure onlj equal to 1 centimeter of water. 

To make Savart's experiment, in which sympathetic 
notes are prodnced in a tnbe by the vicinity of a 
soanding body, the following arrangement is best 
adapted: Make two tubes, abont 3 or 4 inches in 
diameter, of pasteboard, so as to slide into one 
another, the larger of which is provided with a bottom. 
Mark a scale on the narrower tnbe, on which the length of the pipe can be 
read off directly. Select a glass bell giving a rather deep sonnd, and 
determine its pitch by comparing it with a piano, so as to be able to 
calculate the corresponding length of the pipe by assnming the namber 
of vibrations of ä as 440, and dividing the velocity of the propagation of 
sonnd by the ascertained number of vibrations, in order to obtain the 




Fig. 283. 




length of the wäre, the fonrth part of which is the required 
length of the closed pipe. The tone of the bell should fall 
within the minor octave, for with high notes the resnlt is 
very donbtfnl. Almost any vessel which is not too narrow 
can be made to resound more or less with a tuning-fork ; it 
sncceeds best with one abont 7 inches deep and 2 to 4 
inches wide. The effect is far greater with deep tones. 
When the length of the tnbes is arranged, place them np- 
right on the table, hold the bell by the knob, and draw the 
bow across it so as to produce its deepest tone ; this will 
often be tried in vain, bat once obtained, it can be easily 
repeated. Hold the side of the vibrating bell close to the 
mouth of the tabe. 

[143] The Chemical hanrionica.— For the ex- 
periment ase a wide-bottomed flask, as seen in fig. 283, 
into which a long cork, pierced with two holes, fits tightly. 
Fit two glass tnbes B G tightly into these holes, without 
wax. Draw ont the tabe i? to a point, so as to leave only 
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a fine openiDg ; O rnost be bent into the shape of a safety tnbe. The 
fannel on the end is nsefnl to introdace fresb acid into the flask without 
taking out the cork. Put in zinc, or iron filings, and snlphnric acid diluted 
with four times its weight of water to evolve hydrogen, and when the 
evolntion is going on briskly let the flask stand for 10 minutes to allow 
the ezpnlsion of all atmospheric air and explosive miztnre before lighting 
the gas issning from B. For greater safety, the flask shonld be wrapped 
with a strong cloth before lighting the gas. The lower end of B shonld 
be cnt ofif obliqnely, so that the drops of Condensed water will fall oflF more 
readily. 

The jet mnst be of considerable length, and the tnbes raised and snnk 
until the lond, and anything bnt agreeable, sound is prodnced. Tabes of 
Taiions lengths giye sonnds of different pitch. 

[144] Hopkins' experünent to show fhe nodos of 

Vibration. — ^Fasten a tnbe, 1^ to 2 inches wide and 2 to 4 feet long, 
to the perpendicnlar part of a screw-clamp, and screw it to a table. A 
glass plate wonld answer very well for the vibrating plate, bat on account 
of the fragility of glass, a brass plate is preferable, because it is necessary 
always to prodnce the same tone. The plate needs no special preparation. 
Fasten it by the center in the holder, fig. 2*79, place it immediately ander 
the tabe, and endeavor, by holding the finger and drawing the bow at 
diiferent points, to prodnce a rather simple soand-fignre. Fig. 284 shows 
the arrangement of the whole apparatns. The reciprocal action of the 
tnbe on the plate indaces in it mnch more readily a tone corresponding 
to the tnbe ; and it will be known at once, from the intensity of the tone, 
whether the air in the tnbe is soanding in nnison. Having once obtained 
a Agare, sach that a division of it corresponding to the edge of the plate 
is aboat eqaal to the diameter of the tabe, mark on the plate the spots 
where the finger was held and the bow drawn, for, on acconnt of the 
nneqaal elasticity of the metal, it is seldom that any other points can be 
selected in place of them. The tnbe mast then be placed at a distance 
of ^ to 1 line above as large a division of the fignre as possible : one near 
the edge is best Instead of the little frame nsaally fignred covered with 
a thin membrane, it is better to take a metal hoop aboat 1 or 2 lines 
broad and half as great in diameter as the tnbe, and cover it with very fine 
paper in the same way as in stretching paper on a drawing board. This 
has the advantage that the sand does not slide off continnally as it does 
on the sqnare frame. A difference in tension of the paper according to the 
pitch is not at all necessary, if it were practicable. Snspend this by three 
strings aniting in one, and pass the string over the upper edge of the 
tnbe which is coated with paper, so that the frame may be kept at any 
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height by a coonterpoise weight If a special holder for the tobe ü 
desired for the sake of conyenience, the one figored in fig. 285 is y^y 
good; it is made of wood. 
Fig. 284. 



Fig. 285. 




Now seek for the position in the tnbe in which the sand in the frame is 
least agitated when the bow is drawn across the plate. Having fonnd 
two snch positions approximately, it will be easj to dednce from tbeir 
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appropriate distance and the length of the tabe, their trae distance apart, 
siDce the distance between the nodal points is an aliquot part of the 
length of the tnbe, so that the highest and lowest knots mnst lie at half 
tbis interral from the end of the tube. As soon as the correctness of 
these positions is Terified bj ezperimenty mark them, by pasting slips of 
paper opposite them, so as to be able to ezhibit qnickly tiie difference in 
the motion of the sand according as the frame is on a nodal point or a 
vave. To show the same thing with a closed pipe, make a pasteboard 
tnbe closed at one end, as long in the clear as the interval between the 
nodes, and just wide enough to fit over the glass tube. Make a little hole 
in the middle of the bottom, and draw the string throngh it. If this cap 
be put on the glass tube so that its lower edge reaches the last nodal 
point^ the whole length of the tube is increased by half a wave length, 
and the sand in the frame will show the knots still in the same place ; the 
motion of the sand in the waves will even be livelier than before. If the 
cap be raised or depressed a little, the tone will become weaker and the 
sand will scarcely move at all. 

The length of the tube maj be found from the nodal interval, and the 
pitch deduced approximatelj from this by taking ä = 440 vibrations, and 
tbis compared again with the piano or monochord. Although this is not 
snitable for class Instruction, it is good practice for one who must study 
these things closely. The same experiment may be repeated with yarious 
notes from the plate, in order to attain the requisite dexterity and 
certainty. - 

[145] The sireiL — If the slren has an index, it may be connected 
with the bellows of the blast-table, by substituting a bent glass tnbe for 
the brass one, and connecting this with the tube of the siren. A seconds 
pendulnm may be used to measure the time. The pitch of the siren may 
be altered and maintained at pleasure, by changing the weights on the 
bellows. The real siren has two disks revolving one above the other, 
and the sound is produced by the Joint effect of numerous holes, by which 
means even the low notes become clear. When only one tube blows 
against the apertnres in a wheel, the low notes are indistinct, and are 
rendered inaudible by the unavoidable hissing. Any siren will give high 
notes distinctly enough. The whirling machine may be made to serre 
instead of a real siren. Screw upon the axis of the ^^ 286 
machine the block a a, fig. 286, which has a wooden 
screw above, over which disks of pasteboard may be 
slipped, and kept down by a wooden burr h h. The 
pasteboard disks must be very even and perforated with 
holes about a line in diameter, at regulär interrals near the circumferenca 
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The holes may be made with an ordinary panch. A second and third 
row of holes maj be pnnched in the same disks, and the intervals should 
always very sh'ghtly exceed the diameter of the holes. 

Send a stout wire, as in fig. 287, and fix the clamp bbb on the side of 
the base board, so that a will stand directly oyer the row of holes ; fasten 
the blow-pipe to this so as to come as near to the disk as possible withoat 
tonching it. The blast-pipe may be a wide tin tube with a fine hole in 
the bottom, or a glass tnbe drawn out to a point In either case a mouth- 
piece of glass is fitted to it by a flexible eonnector. A strong blast not 
being required, it is generally prodnced by the month, and the wheel 



Fig, 287. 



Fig. 288. 



n 





tnmed more and more rapidly until the desired pitch is attained. With 
a heayy driving-wheel the pitch may easily be maintained long enough to 
obserre, with the seconds pendolnm, how many revolutions the driving- 
wheel makes in a second. From the ratio of this wheel to the pullej, 
and the nnmber of holes in the disks, it is easy to calcalate the nnmber 
of vibrations corresponding to the pitch. The experiment should be made 
by two persons. 

ünless the driying-wheel be heavy, a low note cannot be maintained 
nniformly, but high ones may even with a light wheel. 

The Upper part of the bent wire might be finished as in fig. 288. 

A wheel with sharp teeth may be fixed concentrically on the axis of 
the whirling machine, and made to strike against a card held nearly 
parallel to the surface of the teeth, prodncing a musical tone. 

[146] The monoohord. — The monochord consists of a rectangu- 
lar fhime ABC, fig. 289, made of strong hard wood, with a sonnding- 
board of straight-grained pine free from knots. Two bridges aa,bb rest 
partly on the sonnding-board with their perpendicnlar side toward it 
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The sonnding-board is coated with white paper. Two steel piano wires 
are &8tened at one end to slanting pins c c, and one of them stretched bj 




Fig, 290. 



the pin d, the other by a weight working over a pnlley. The sonnding- 
board must be very even, so that every point of the string will be eqnally 
distant from it In order to restrict the Vibration to a given part of the 
string, it mnst be held by a bridge which will not alter the tension. This 
is easily made by taking two pieces of hard wood with sharp projecting 
edges, covering them on the inner side with leather, and fastening them 
together by a leather hinge. The lower one must project somewhat and 
have a mark drawn from the sharp edge perpendicnlar to the base, fig. 290 ; 
this mark serres to place the edge of the bridge 
directly over a division of the monochord. The 
opper piece is then shnt down and held by the 
finger, or a small weight. The string is thns 
held fast withont injnry, and the rest of the 
string prevented from vibrating. If both parts 
are to vibrate, a simple bridge like fig. 291 is 
set nnder the string which alters its tension 
somewhat; bntthisis of no importance in this 
case, the only object being to show the nodes 
of Vibration. 

For this pnrpose a line is drawn nnder the string, 
which is stretched on a pin, and divided into thirds, 
fonrths, and fifths. Set the mark a of the bridge, fig. 291, 
over one of these lines, hang little paper riders on the 
wire, and set it in Vibration, with the finger or violin bow. 




Fig. 291. 
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The moDOchord may be nsed to show that the nnmber of vibrations U 
iaverselj as the length of the string. A line is drawn ander the string 
which is stretched bj a weight, and marked with divisions correaponding 
to the notes of the octave, as shown in Ag. 289. The string is drawn 
tightly enongh to give a clear note, with which the other string is made 
to aecord. The string mnst be slightlj raised with the finger, so that 
the eifect of the weight will not be lessened by Motion on the bridge. 
Set the bridge, Ag, 291, on the proper diyision, the segment of the string 
will give the note reqnired, which maj be compared with the kej-note 
giyen by the other string. 

The monochord can seldom be nsed to show that the nnmber of Tibra- 
tlons is proportional to the sqnare root of the tension, on acconnt of the 
length of the string, which wonld make a greater weight necessary than 
the string conld bear. Bnt by taking the weights = 4:9, including the 
weight of the hook, the string will give the fiftb, which may be compared 
with the other string, previonsly tnned to the same pitch as the string 
with the weight = 4. 

To show the effect of the thickness, the diameters of the strings mnst be 
in a simple proportion, and they mnst be stretched by eqnal weights. It 
will be very hard to find such strings. 

Besides these ezperiments, the monochord is very nsefhl to the physicist 
in studying the mnsical intervals, and many other points in acoostics. 
For this pnrpose the length of the sonnding-board shonld be divided into 
1000 eqnal parts, and marked ander the weighted string for the chief 
notes of the octave, and all the secondary notes for Sharps and flats, and 
likewise the different temperatnres. These divisions may be distingnished 
by lines of different length, and by different colors. Every one who 
wishes to stndy this part of natural philosophy thoronghly should there- 
fore make his monochord as complete as possible. 

[147] Longitudinal vibrations. — These are most easily pro- 
daced with a glass tnbe, abont 1 centimeter in diameter, held in the 
middle with two fingers, and one half gently mbbed lengthwise with a damp 
woolen cloth. As long as the glass tnbe gives a sound, its meist surface 
will seem rnffled. A loose cork introdnced into the end of the tnbe will 
moTe while the sonnd continnes, and advance gradnally toward the 
middle. If wooden or metallic rods be nsed, the cloth mnst be strewn 
with rosin, or a short glass tnbe mnst be cemented to the rod, and the 
snrface rubbed with a wet cloth. By yarying the force of the friction, 
notes of different pitch may be prodnced, bat it does not succeed well 
with every glass tnbe. Wooden rods are easily made to sound. By 
fizing into a block fonr rods of fir, the longest 1^ meters long and varylng 
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Fig, 292. 




from 6 or 8 to 5 or 6 millimetan in thickness, tbey iiiay be mtde to fbrin 
together an accord, hj trimming off tbe ende of the smaller ones, fig. 292. 
The Upper half of the rods is rnbbed with two fingen dipped in powdered 
rosin. 

[148] The tuning-fOPk, — Tuning-forks of 
different pitch maj be pnrchased at the mndc stores. 
Choose soch as giye a clear tone near ft, on a sonnd- 
ing-board, and maintain it for some time withont 
rising. Two are needed : one tnned accnratelj to &, 
the other so as to prodnce an interfbrence with the 
first abont 4 times in a second. Thej are tnned bj 
shortening both legs with a file when the pitch 
is too low, and filing off tbe inside of the legs when 
too high. Both legs mnst be made as nearlj alike 
as posdble. The fork is made to Tibrate either hj 
striking one prong gentlj against a board and rest- 
ing tbe handle on a table or a sonnding-board, or 
bj drawing a well-rosined bow across the ends of 
both prongs, or bj striking them with a little wooden hammer with a 
Sharp edge coTered with leather; the latter mode prodnces a verj clear 
sonnd. 

[149] Interferenoe of the sound-waves. — To show the 

interfierence of tbe waves of the two prongs of a tnning-fork, hold it while 
yibrating, horizontallj OTer a yessel 7 inches high and 3 to 4 inches wide, 
and tarn it slowlj on its azis : dnring each revolntion the sonnd will be 
heard to rise and sink fonr times. The same Observation may be made 
bj simplj reTolving the fork near the ear. 

The pnlsations of sonnd prodnced bj the interference of two tnning- 
forks set on the same sonnding-board, a table, or an emptj box, is most 
distinct when the prongs of both forks vibrate in the same plane. The 
easiest method of bringing two sonorons bodies into perfect accord is bj 
observing these pnlsations. The ear alone is apt to deceive ns when the 
accord is nearly perfect, especiallj when the timbre of the two sonnds is 
yery different 

To prodnce the interference which the key-note makes with its fifth, 
take the closed pipe and place the plng so that the pipe will be exactlj a 
fifth lower than another open pipe ; mark the position of the plng on its 
handle for fntare ezperiments. Bj taking tbe two pipes between the Ups 
and blowing with the same force tbrongh both, the nezt lower octaye 
will be distinctly heard with the other notes. It is, howeyer, not easj to 
blow with the same force tbrongh two pipes withont the aid of a bellows. 
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Fig. 293. 



If a forked tabe, like fig. 293, be made of wood or pasteboard, with kgs 
long enoagh to extend OTer the screw h io fig. 279, to within half a line 
of the glass plate fastened in the clamp, and the upper eod 
of the tnbe be covered with thin paper strewn with sand, 
the sand will be motionless when the two ends of the tnbe 
are held over two parte of the glass moving different ways. 
Bat if the tobe be held over two places which are moving 
npward and downward together, the sand will be briskly 
agitated. The latter is the case when the tnbe is held over 
two diagonally opposite sqnares of a pane of glass which 
gives the simple cross, while the former resalt is prodnced 
by holding it OTer two adjoining sqnares. 

The sand on the paper often forms a sonnd-fignrc, which 
haSy however, no relation to the one below. To make this fignre clear, 
the paper mnst be stretched on a movable cap a 6, so as to alter the 
length of the tnbe as reqnired. 

[150] The interference of the waves is still better shown by an experi- 
ment of Herschel's, which Nörremberg has repeated in the foUowing 
simple manner: The tnbe shown in profile and section in fig. 294 is made 

Fig, 294. 





of wood, and is bnilt iuto a partition wall, either entirely or so as to leave 
the greater part of the end a free. The sonnd prodnced at a divides on 
the Sharp edge of the inner partition, and unites again in h, after travers- 
ing the nneqnal arms c and d. If the length of the wave producing the 
tone be donble the difference between the two arms c and <2, the two sets 
of yibrations will be half a wave apart when they come together, and no 
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soosd will be prodnced at b] bat tbe sonnd will instantlj become andi- 
ble when either arm is closed by a slide fitting accnratelj in b. When 
the pitch is raised an octaye, the two sets of wayes will coincide, and the 
sonnd will be londer when both arms are open. The two openings a and 
b mnst be in two entirely separate Chambers, otherwise the direct wave 
will interfere with the resnlt 

The sonnd in a is best prodnced bj an open pipe, the length of which 
is eqnal to the difference in length between the two arms c and d : it mnst 
be comparatiTely narrow so that the pitch can easilj be raised bj a 
stronger blast; the third octave will then often renew the interference. 
The axes of the pipe and tnbe mnst coincide, and their apertnres be 
together. Fasten the pipe in this position, and connect it with the 
bellows by flexible tnbes and a small stop-cock; it is easj to regnlate the 
blast by means of this stop- 
cock so that the sonnd of ^- 295. 
the pipe shall be steadily 
maintained. If the bellows 
act irregnlarly, let the blast 
first pass throngh a large 
glass bottle, with which the 
pipe is connected, as seen 
in fig. 295. With the aid 
of such a bottle and a long 
flexible tnbe, a constant tone 
may be obtained with the 
month ; bnt the moisture of 
the breath spoils any pipe 
after a time. 

A very steady blast may be maintained, according to Nörremberg, bj 
an arrangement of two large bottles like fig. 296, the upper acting as 
a Mariotte^s Tase with a siphon, the lower having besides the pipe a 
fnnnel with a stop-cock. If one has no fnnnel with a stop-cock it is 
easy to make one with a good cork, as shown in the fignre, where the 
smaU cork closes the longitudinal opening of the larger more or 
less. The flow of water, and conseqnently the pressure of the air, is so 
regnlated by the cock that the pipe will give the tone desired, and the 
air-tabe of Mariotte's yase is set at sach a height that the fnnnel is kept 
always ihll. When the upper bottle is emptied, change the corks and 
their tnbes, and take the lower one for the upper, which is the work 
of a moment 

Patience is needed in making such narrow pipes, for it is not easy to 

12 
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obtain the key-note with them : for this reason thej had better be made 
of glass, and the plng of wood or cork can tben be altered ontil the rigbt 

Fvg, 296. 




note is obtained. The notch may be cnt in the tnbe with a file dipped in 
tnrpentine, and the tnbe shonld be cnt off in the same way, so as to have 
ezactly the proper length. 

[151] The communication of vibrations may be shown by 

simply sonnding a clear note, either with the throat or a pipe, near an 
open piano, the corresponding string of which will sonnd in nnison. The 
experiment is made mnch more striking by passing an iron wire, abont 2 
or 3 millimeters in thickness, throngh a small hole from one apartment to 
another remote one, and plaeing one of its ronnded ends on the bridge of 
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a piano, and the other end on tbe Bounding-board of the monochord. A 
tone played on the piano will be heard at the other end of the wire, more 
or lesB distinctlj according to the ezcellence of the Boondiog-board, bat 
with a Bomewhat altered soand. 

Two tabes open at both ends and provided with sonndiDg-boards, fig. 
297, on which tnming-forks of precisely the Barne pitch are set, show the 
same phenomenon. If the bow be drawn across one fork, the other will 
sonnd in nDisoD, even when at some distance, which maj be perceived 
more distinctiy npon stopping the other with the finger. 
Fig. 297. 

Fig. 298. 





[152] The Organ of VOice.— The simplest illnstration of the 
genend action of the human vocal organ, is famished bj the lips ; jnst as 
these prodnce yarions tones by diiferent degrees of tension, e,g, in blowing 
a tnimpety so the so-called vocal chords act. To illastrate this by a thin 
membrane, tie a piece of iodia-nibber tnbe around a glass tube, fig. 298» 
and Stretch ont the sides with the fingers so as to form a simple slit, and 
blow throngh it ; by varying the tension different tones may be produced. 

[153] In ezhibiting the stmctnre of the organs of hearing, modeis of 
papier-mach^ and the ear-bones of a calf will be found snfficient for every 
pnrpose. 
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izpkbuonts on lioht. 

(a.) OH THE TKAVSKISSIOH AIS IHTEVSITT OP UOHI. 

[154] Ths general discnssion of the natnre and distribution of light 
needs little aid trom ezperiment A few definiüons, Buch as Reflection, 
Refraction, TranspareDcy, etc., maj be illnstrated bj ezamples. 

Reflection is best shown bj a snnbeam foUing on a mirror in a daik 
room, the direction of the reflected raj being made yisible bj the illamin- 
ation of floating particles of dnst 

Refraction maj be ezhibited bj laying a silver coin on the bottom of a 
shallow Tessel, fig. 299, so as to be jnst ont of slght, and ponring water 
into the Tessel, when the coin wiU appear in the direction i i, 

The transparencj of thin lamin» 

Fig, 299. may be illnstrated by gold. Lay a 

^< sheet of the thinnest gold-leaf, abont 1 

>^^ or 2 inches Square, on a pane of even 

yy^ glass, coyer it with another piece of 

^^^^mgrrzjgmp glcu» the same size, and paste paper 

^^^^^^^^^^^' around the edges of the two pieces. 

fe- >^^4i^^ To lay the gold on smoothly, breathe 

fe^^^i^&^5^ on the glass and lay it on a sheet of 

gold-leaf, and trim the edges with a 
Sharp knife well cleaned on a piece of leather, by simply pressing on the 
edge rather than drawing it along. 

Hie law of the diminntion of light with the distance needs no ezperi- 
mental demonstration. It may be shown approzimately by placing fonr 
candles in a row on a stand, and comparing their light with that of a 
Single candle of the same kind at half the distance. The comparison may 
be made either by observing the darkness of the shadows cast on a white 
wall by an intervening body, or by the photometer. 

The candles mnst all be taken from the same package, and fonr of them 
arranged on a stand in a straight line with the photometer, as in fig. 300, 
so as to measnre from the middle point 

[155] The photometer. — ^Among the varionsmeansof comparing 
intensity of the light from two sonrces, the most convenient are Ritchie'a 
(180) 
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photometer, and the comparison of the depth of the sbadows. Ritchie's 
photometer consists of a long box, A B, A B, fig. 301, blackened intern- 

Fig. 300. Fig. 801. 





allj. The ligbt, passing throngb two semicircalar openings in tbe ends, 
falls npon a rectangnlar prism of wood c covered witb wbite paper, placed 
exactiy in the middle, and illnmines both sides of it A circnlar opening is 
made in the top B, two-thirds of the width of the box, and so placed that 
the edge of the prism corresponds to the diameter of the opening. This 
apertare is covered by a short, blackened tnbe D, to ezclnde extraneons 
light, with a small hole for the eye. The apparatns may be fixed by the 



Stern E in one of the sockets of the 
beam described in connection with 
the concave mirror, or in the little 
stand, fig. 302. Several such Stands 
and some larger tripods like fig. 
303 will be needed for Tarions pnr- 
poses. 

In Order to compare the inten- 
sity of two lights, they mnst be 
placed at the same height as 
the photometer, abont 20 or 80 
feet apart, and the photometer 
placed in a straight line between 
them. Now obsenre the illnmination 



Fig, 303. 



Fig. 802. 




A 
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of the two Bides of tfae prisniy throngh tbe hole in tbe tabe D, aod move 
the photometer nntil both sides are eqnally illaminated. It is well to 
avoid looking directly at the lights doring the process, as this lessens the 
sensibilitj of the eye to slight dliferences in the brilliancy of the illamin- 
ation. With this precaution, the correct position of the photometer may 
be attained within 4 or 5 inches. The comparison is most difficnlt wheo 
the two lights are differently colored, e,g, when a lamp with a white flame 
is compared with a wax candle, which always burns with a yellowish flame. 

When there are several illominating bodies to be compared, it expedites 
the process to have a lamp which bums with a steady flame fixed at an 
invariable distance as a Standard of comparison, and change the position 
of the other lights nntil both sides of the prism are eqnally illnminated. 
Mechanical lamps are very well adapted to this pnrpose. 

To compare the power of two luminons bodies by moving them nntil 
the shadows cast by an interposed body are of equal depth, nothing 
more is needed than a stick half an inch thick and a white wall. This 
process is less accurate than the other, because the glare of the white 
wall makes the eye less sensible to slight differences of light In all snch 
experiments a trial shonld be made to ascertain what degree of accnracy 
may be expected. It may be done very easily in this case by having an 
assistant move the lights withont the knowledge of the experimenter. 

In this method of Rnmford's the dissimilar color of the flame cansfes 
more difficnlty than with Ritchie's photometer, bnt it is better snited for 
class illnstration becanse more persons can observe it at once. The lights 
shonld be so placed that the shadows shall fall close beside eaeh other. 

[156] Bunsen'S photometer. — The flame of a good lamp is 
snrronnded by a tin box with a sliding tnbe d^ as seen in fig. 304. The 

Fig. 304. 




end of this tnbe is covcred with letter-paper, which is rendered transparent 
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by Stearine, leaying a ring j^ or ^ an inch wide and ^ an inch internal 
diameter nntouched. The paper shonld be warmed, and then rabbed 
with a warm Stearine candle. The Inminons bodj to be compared is 
placed in firont of this tnbe, and moved nntil the opaqae ring entirely 
disappears; and the same process is repeated with every ligbt compared. 
The relative intensitj of the lights can be ascertained bj measnrlng the 
difitances of the two from the paper screen. This process is less dependent 
OD the color of the lights than the former ones. 

[157] ShadoWB and half-Shadows. — The simplest way of 
showing the difference between these two is by hanging up a ball, ^ to 1 
inch in diameter, in the snnshine, and allowing the shadow to fall on white 
paper. The same is very prettily shown by a lamp with a round waste-cnp. 

Any sharply defined flame may be nsed for this pnrpose, by casting a 
shadow with a body Icss in diameter than the flame. Hollow flames are 
Dot snitable for the illastration, because they cast two shadows, the sides 
of the flame giring more light than the middle. 

The phenomena of the camera clara belong here. It needs no special 
apparatos for its illnstration ; it is only necessary to attach to the board 
intended for the heliostat a slide with an apertnre half an inch iu 
diameter ; on darkening the room inverted Images of eztemal objects will 
be Seen on the opposite wall. The smaller the apertnre, the sharper will 
be the ontiine of the image, and corresponding care mnst be taken to 
exclnde the least ray of extraneons light. If the room cannot be made dark 
enongh to show the Image, a camera 
clara may easily be made of two tnbes J^. 305. 

of pasteboard A B, fig. 305. A is closed 
at one end and pierced with a hole 
abont 1 line in diameter. The end of 
B, which is inserted in A, is closed 

with a plate of groand glass or rice-paper. Hold the opening of B close 
to the eye, and direct the tnbe toward a strongly illaminated object 

(&.) EZPESIMEHTS OH THE BEFLECTIOH OF LIGHT. 

[168] Plane mirrors. — Besides the ordinary plane mirror, there 
should be a piece of plate glass thickly coated on the back with indian-ink, 
a mirror made of two pieces set at an angle with each other, and two parallel 
mirrors. The latter should be set in black wooden frames. The jointed 
mirror generally has an inclination of 60^, fig. 306 ; but it is better to con- 
nect the two parts by a hinge, so that they can be set at any angle. To 
these may be added a kaleidoscope, which can be bought cheaply in any 
toy Shop. This may be easily made by setting two slips of ordinary 
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lookiüg-glass at an angle of 60^ ia a tabe of pasteboard aboat 4 inches 
long, as Seen in section in fig. 307. The tabe is closed near one end bj 
a disk of clear glass a, fig. 308, and at the other by a pasteboard coTcr 

Fig, 306. ^V;. 308. 



p*r 



Fig. 307. 





with a small apertnre. Some pieces of colored glass, shreds of colored 
paper, etc. are laid in the space before the glass at a, and a short tobe 
closed with a disk of ground glass is slipped over that end. 

[159] The foUowing simple apparatas has been contrived by Müller 
to illnstrate the law of reflection. A strip of brass is tacked aronnd a 

Fig. 309. 




semicircnlar board A, fig. 309, and one-half of it gradnated into degrees 
A conical pin, which can be fastened by a screw below, works in the center 
of the semicircle, and carries the index 6 o, which is bent npright at the 
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exUremity. On this index a small plane mirror/ is accnrately centered. 
The ray of light is allowed to fall on the mirror throagh the slit o. The 
index shows the angle of incidence, and the point to which the raj ig 
reflected donble the same. The accnracj of the a^jnstment mast be 
tested before the mirror is permanently fixed. The apparatos shows also 
that when the mirror is tnmed a certain nnmber of degrees the reflected 
ray advances twice as many. Upon this principle Wheatstone constmcted 
bis apparatos for measnring the velocity of the transmission of electricity. 

[160] The heliostat. — The hellostat is one of the most indispens- 
able instraments, both for class Illustration and for physical research ; it 
shonld, therefore, be obtained as soon as a permanent place for it can be 
had. In its simplest form it costs very little. It has already been men- 
tioned that the room in which optics is to be taaght mast have a proper 
exposare to the san. The apparatos room shoold be similarly sitoated» 
so that the experiments can be properly prepared and the teacher have 
opportonity for research. 

The simplest form of the heliostat consists of a sqoare board Ä B, fig. 



310, of hard wood with a broad rabbet fit- 
üng in a hole in the shotter, and kept in 
place by two screws like fig. 311. In the 
middle of this board is a conical hole 
moonted on the inside with a brass rim, on 
which a thread is cot for the porpose of 
screwing on varioos attachments. Instead 
of the brass plate a short tobe of wood or 
pasteboard may be osed. On the ootside is 
a long, narrow mirror in a wooden firame, 
hinged to the wooden pin D E. This is 
shown on a larger scale in fig. 312. The 
pin has a head at F, and can be tightened 



Fig. 310. 




Fig. 312. 



Fig. 311. 





by the nots 0, so as not to tarn by the weight of the ndrror. When 



Digitized by 



Googk 



186 



PHY8ICAL EXPERIMENTATION. 



the pin is fixed in its place, the bntton E is glaed od. The string K, 
passing throngh a smooth hole in the board, and winding on the pin J, 
allows the mirror to be set at any angle. 

The mirror must be made of yerj thin, clear glass, so as not to form 
more than two images, and these as close as possible to each other. It 
need not be mach wider than the apertare (7, bat on its length will depend 
its power of reflectlng the rajs of the snn horizontally when the latter 
is near the horizon. 

Fig. 313. In the simple arraoge- 

ment just described, the 
Position of the mirror in 
respect to the pin J is 
varied bj tnrning the pin 
E, and the string K be- 
comes oblique to the mir- 
ror, which may in time 
affect the firmness of the 
apparatns. This difficnltj 
is obviated in the arrange- 
ment shown in fig. 313, 
of half the natural size. 
Here the support of the 
mirror is made of brasa. 
A handle D is fixed to 
the sqnare head of this, which serves to tum the mirror. A screw E, 
passing throngh this brass axis and pressing against the arm F, serres to 
elevate or depress the mirror. 

By making the support of the mirror longer, as seen in fig. 314, and 
fastening it to the frame by a slide and screw, a mirror of blackened glass 
may be substituted for the ordinary one. This gives a clear image of the 
sun, and light enough for most ezperiments. 

Neither of the arrangements described costs mnch. The position of 
the mirror must be constantly shifted in order to keep the beam of light 
in the same direction, and some practice is required to do this properly. 
Heliostats with clock-work and metallic mirrors are very expensive, 
although they have been of late mnch simplified. 

[161] Experiments with concave mirrors.— The wooden 

stand seen in fig. 315 is very convenient for these and other experiments 
in this section. ^ ^ is a straight, slender bar of pine, 12 to 15 feet in 
length, supported on the tripods M if, which are stuck in holes in the 
beam so that they can be easily separated. This bar is di?ided into 
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inches. The slides P P P, fig. 816, slip over it and can be fostened bj 
screws 8. These slides are a whole nnmber of inches in breadth, and 
Fig. 314. 

Fig. 816. 




likewise divided into fractions of an inch. Yarions pieces of apparatos 
can be fized in the sockets B attached to these slides. The sockets might 
be fized to a board slidiug in a groove in the top of the bar, bat it 
woold be difficult to make them firm in this waj and at the same time 
easilj moyable. A small lamp, fig. 317, is fized on one of the slides. The 
Fig. 316. Fig. 817. Fig. 318. 





wooden firame (7, on which the white paper screen is stretched, most be 
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made large enongh to recebe the wbole image which the mirror reflects 
from the opposite end of the bar. 

Gaslight Tenders the ezperimenter in optics in some cases independent 
of sonshine. This may be arranged by fizing a board with a rim to one 
of the slides, as in fig. 318 ; in the socket of this slide the stem of the 
argand gas-barner, fig. 319, maj be inserted, and connected by a flexible 

Flg. 320. 



Fig, 319. 





hose with any gas-burner in the room. Otcf this barner is placed the 
sheet-iron chimney, fig. 320, which has a slit on one side for the hose, and 
an opening at the proper height to place slides before the light This 
arrangement preyents the general diffnsion of the light in the room. 

When the image falls between the object and the mirror, a slip of 
paper, half an inch wide and an inch long, is fastened to a wire which is 
bent at right angles at abont half the breadth of the mirror firom the side 
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of the bar. The minor rnnst then be inmed to eorrespond, so that the 
image shall fall oatside of the bar. 

The sereen in these and a nnmber of other ezperiments may be covered 
with riee-paper instead of letter-paper; the Image, thongh not so bright, 
is then visible from both sides. The firames shonld be abont the size of a 
sheet of letter-paper, and the paper stretched jnst as on a drawing-board. 
Any ordinary concaye mirror will answer for these experiments. Eyen 
watch-glasses coated on one side with black sealing-wax, by heating them 
nntil the waz melts on the snrface, do very well Bat to make the image 
Tisible withont any sereen, the mirror mnst be wider and haye a shorter 
foens, in order to render it yisible to several persona at once. Reflectors 
with a focal distance of 1 to 2 feet, and at least as great diameter, made 
of brasa and polished by the brazier, are better for this pnrpose than more 
bighly polished mirrors of less concayity. The ezperiment sncceeds with 
a mirror 3 or 4 inches in diameter, bnt the image is yisible only to one 
person. It may, howeyer, be shown to many in rapid snccession, by 
holding the mirror in one band and the candle at a proper distance in the 
other, and throwing the refiected light npon the faces of the aadience in 
tum. 

The flame of a candle does yery well as an object in these experiments, 
bot a bonqnet of artificial flowers of bright colors is nsnally chosen, and 
so placed as to be highly illnminated and yet inyisible to the andience. 
A glass of water may then be placed where the image will fidl, and the 
flowers wül seem to float in it It is yery important, with reference to 
the fatnre consideration of more complicated Instruments, that it shonld 
be distinctly nnderstood that this aerial image exists entirely independently 
of the white walL For this pmrpose concaye mirrora are preferable to 
lenses. 

[162] Convex mirrors need no special illostrations. A clean 
wine bettle of dark-green glass answers admirably to illnstrate the effect 
of cylindrical and conical mirrors. 

(c.) EZFEBIKEHTS OV S£F£ACTIOH. 

[163] To exhibit the mere fact of the refraction of light, a rod immersed 
in water, or a ray of light rendered yisible in a dark room by partides of 
dnst, and allowed to fall npon tnrbid water, is qnite snfficient To proye 
the law of refraction by actaal measurement requires some apparatns. A 
yery simple and instmctiye experiment is to draw npon a piece of tin 
painted white, or yarnished pasteboard, two black lines at the angle 
corresponding to the refraction of light passing from air into water, and 
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immerse the sheet with the drawing, fig. 321, in water up to a 6 ; the 
line c de will then appear straight 
The apparatns shown in fig. 322 enables ns to measnre the angle of 

Fig. 322. 
Fig. 321. 




refraction for diflferent floids. The yariety of fluids which can be osed 
depends on the materials of which it is constracted. If the bodj of the 
apparatns be made of wood covered with copal yarnish, it can be osed 
only for water. The straight side a 6 is made of a piece of plate glass 
and coyered with tin-foil. A yery smooth cnt may be made in the middle 
of the foil, leaying the rest opaqne. The glass is cemented with putty 
into grooyes on three sides. The apparatns may be placed on a table 
for nse, half filled with water, and the light of a candle, or a ray of light 
from the heliostat, directed through the slit in the foil. The part of the 
beam aboye the water indicates on the gradnation the angle of incidence, 
and the part passing throngh the water the angle of refiraction. Two or 
three experiments will prove that the sines of these angles preserye a 
constant ratio in the same liqnid. 

The apparatns shown in fig. 323 is 
also convenient. It consists of a 
box made of sqnares of plate glass, 
open at top, and let into a board at 
the bottom and on one side, to a 
depth eqnal to the thickness of the 
glass. When half filled with water 
and the snn allowed to fall on the 
side d c, the shadow within the 
water will be narrower than without 
The phenomenon of refraction may also be exhibited by transmitting 
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a ray of light in a dark room, through a wide glass filled with water, into 
which powdered chalk has been stirred and allowed to stand some hours. 
The path of the beam throngh the air will be marked bj illnminated 
particles of dnst, and throngh the water by the particles of chalk. 

[164] Total reflection. — The same tnrbid chalk-water may be 
oBcd to exhibit total reflection. Direct the light first on the plane mirror 
a, fig. 324, so as to gire the reflected ray the proper direction for total 

Fig, 324. 




reflection from the snrface of the water. The direction of the ray throngh 
tbe water will be visible, and, if the proper angle is chosen, no light 
will be Seen passing throngh the snrface of the water. The vessel shonld 
be 4 to 8 inches in diameter, and the apertnre in the heliostat not over \ 
an inch. A vessel made of plate glass answers the purpose best. 

Among the phenomena which depend on total reflection, there are 
many which may be nsed as fnrther illnstrations. Newton's blne bow on 
the nnder snrface of a glass prism is one of the most freqnently cited, bnt 
it is not adapted for class instmction. The three following experiments 
are easily made : — 

(1) An object ontside of a glass filled with water cannot be seen 
throngh the liqnid from above, nnless the direction of yision is very 
obliqne to the snrface and the vessel very wide. 

(2) Fill a glass abont | fnll of a sirnp made of white sngar, which may 
be tolerably thin. A stratnm of water may be ponred npon this from a 
spoon held near the snrface, withont cansing much mixture of the two 
liqnids. Paste a few letters drawn on white paper on the glass jnst 
below the contact snrface of the two liqnids. On look- ^ 005 

at this snrface from below the letters will be seen double, 
once direct and once by total reflection. 

(3) A test tnbe of thin glass, abont ^ an inch in 
diameter, plunged into water, as seen in fig. 325, appears, 
when seen from above, to be filled with mercnry. When 
partly filled with water, this metallic Inster disappears 
as far as the water extends. 
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It is evident from this that mach more light is reflected by total 
reflection thao from a metallic mirror^ for wheii the tabe is partly filkd 
with mercarj that part appean quite gray in contrast with the other. 

[165] Lenses. — ^Experiments with convex lenses are made on tiie 
stand, fig. 315, with the screens belonging to it. The lens best adapted 
to the parpose has a diameter of several inches and a focal distance of 
abont 2 feet The lens is set in a frame with a stem fitting in one of the 
Bockets of the stand. The aerial image shonld also be shown in this case 
withont the white screen, and the difference between it and the image on 
the screen pointed ont. In this case also, as with the mirror, the image 
appears behind the glass and enlarged before the rays become divergent, 
which is apt to canse confusion. 

We often wish to measure the focal distance of lenses. For this par- 
pose the glass is held opposite the white wall of a room so as to form a 
distinct image of a window 15 to 20 feet distant, and the space between 
the image and the lens measared. For more accarate measarements, 
fasten a plate of gronnd glass to a gradoated rod and move the lens along 
this rod nntil the image is distinct. If the lens be fixed to a slide the 
image may be inspected with another lens, so as to obtain Uie greateat 
distinctness. 

[166] Frisms. — ^A highly pollshed prism of flint glass with an angle 

of 50^ to 60^ shonld be chosen. They are veiy expensive, bat such a 

prism, even 1 centimeter in length and breadth, is more asefal than a 

great piece of common glass, which will not cost mach less. It shoald be 

boaght on condition that it can be nsed to exhibit Fraaenhofer's lines. 

It is easily moanted, as shown in fig. 326. The prism is moanted on a piece 

of wood or brass, terminating in a screw. The nnt 

Fig. 826. c serves to fosten it to the broad end of the arm a b, 

[|1 which is hinged by a screw Joint to the rod a c. 

JlI This rod fits in one of the Stands, fig. 302. This 

I ^^ ' ^f^c arrangement admits of its a^jnstment in any 

Position. 

With a little mechanical skiU, one can make 
hoUow prisms for himself. Prisms of brass, like fig. 
327, cannot be nsed for acids, and even salphide of 
carbon decomposes slowly in them. It is better to 
take a sqaare bettle with groand stopper, grind off 
two of the Corners, and replace the sides by pieces 
of plate glass fastened with brass bands and screws. 
Fig. 328 shows the prism withont the plates. If 
the prism is designed for salphide of carbon only, 
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tbe plates may be fastened with isioglass cement. The solphide of carboo 

may be left permanently in the prism and covered with a Btratnm of water» 

Fig. 32Y. Fig. 328. 





or ponred in at an elevated temperatnre and closed by a stopper 
cemented in with isinglass. Snfficient space mast in any case be left for 
the expansion of the liqnid by heat The grinding and adjnsting sach a 
glase is not so tronblesome as one may imagine. It is done first on an iron 
plate with sand, and finishcd with fine emery on plate glass. 

In filling and emptying the prism, a pipette or glass tnbe with a fine 
point shonld be nsed. The point of the pipette mast reach to the bottom 
of the glass. 

[167] Experiments with prisms can only be made in a dark room, into 
which light is introdnced 



throngh a round apertare. 
To have the colors distinct, 
this apertare mnst not ex- 
ceed 1 or 2 lines in diameter. 
For most experiments a nar- 
row slit, not longer than the 
prism, is better. The edge of 
the refracting angle and the 
slit shonld both be vertical. 

Figs. 329 and 331 show an 
arrangement of slides for re- 
galating the width of the slit 
Fig. 830 is a tnbe designed 



Fig, 330. 
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to slip over the permanent tnbe in the apertnre, in case tbere is one. 
Fig. 332 represents a contrivance by which the edges of the slit are kept 
always parallel The little bars c c tnrn on the screws a a, and act like 
parallel mlers. 

Fig, 332. The lenses, prisms, acrews, 

etc., may be fixed on standfl 
like figs. 302 and 303, p. 181. 
The principal experimenU 
are the foUowing : — 

(1) The spectmm itself. 
A ronnd apertnre may be 
used at first to show the 
rounding of the upper and 
lower ends. It is thrown on 
a screen of white paper. 

(2) The combination of all 
colors makes white. For 
this experiment the slit is 
used, the prism placed at a 
distance of 5 to 10 feet from 

it, and the spectmm thrown on a convex lens wide enongh to receive it 
The distance of the lens from the prism mnst be snch that it will give a 
magnified Image of the refracting face of the prism. A white screen is 
placed where this Image falls. If the refracting edge of the prism is 
parallel to the slit, the lens perpendicnlar to the direction of the beam, and 
the screen slightly inclined so that the side where the blue rays fall is a 
little nearer to the lens, a clear white image of the prism will be obtained, 
with only a very narrow blne margin on one side and a red one on the 
other. An achromatic lens acts better, bnt achromatic lenses of consider- 
able dimensions are very dear. By obstructing parts of the spectram by 
Strips of black paper, the complementary colors are shown rery beanti- 
fhlly. 

The experiment may also be made by looking at the spectram througfa 
a second prism. The slit in the heliostat will then be secn in its natural 
size, and white ; bnt as this can only be seen by one person at a time it is 
not suitable for class instrnction. 

Another contrivance for showing the combination of all colors, is the 
oscillating prism, fig. 333. The vertical axis a is made to rerolve by a 
spring and cogged wheel. The bar Jf, fig. 334, is fastened to the monnting 
of the prism, and the pin h on the disk c works in the slit in this bar. 
By this means the prism is made to oscillate rapidly. The extent of this 
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oscillation miist be safBcient to advance the prism its whole length. 
This mnst be ascertained bj a previons experiment, and the size of the 
diflk c and the length of //arranged accordingly. ^g, 333. 

The figore is abont half the real size. 

(3) To show that orange, green, and violet are 
not Compound eolors, ent in a sheet of paper a 
Büt of less width than the color to be examined, and 
let it pass throagh the slit to a second prism. 

(4) When the spectram is thrown on a second 
prism, whose azis is at right angles to the first, an 
obliqne spectmm is obtained. To make this well- 
known experiment handsome, the second prism 
shonld be large and held near the other, so as to 
receive almost the whole of the spectrnm. The 
Bcreen shonld be onlj a few feet distant from the 
second prism. 

(5) To ilMstrate the theory of the colors of 
bodies, paste slips of bright-colored paper on 
pasteboard and hold them snccessivelj in the 
different colors of the spectmm. Some papers^ 
especially the blne and red title paper of the book- 
binders, will appear black in any color but their own. 

(6) The index of refraction of varions sabstances 
may be compared approximatelj, by means of a 
large rightangled triangle of wood, fig. 335. The 
handle fits in one of the Stands. One of the slides is raised abont 2 inches, 
and divided into centimeters. A hole is made to receive the handle of a 
prism at a distance of 1 meter from the zero of this gradnation. A strip 

Fig. 835. 





of metal, not seen in the fignre, with a long, narrow slit, is placed be- 
tween the prism and the light 

A ray of light is thrown in such a direction that the part which passes 
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above the prism shall fall on of the scale; the prism is then tnmed so 
as to obtain the least refractioD, and the point on which the middle of the 
red falls noticed. This^ together with the distance of the prism from the 
Scale, gives the tangent of the angle of refraction ; and the index of 
refraction is calcnlated from this and the refracting angle of the prisuL 

(7) Frauenhofer'S lines. — Any prism whose faces are plane and 
its material homogeneous, may be nsed to show these lines. The greater 
the dispersive power of the substance, the greater will be the nomber of 
the lines. A prism filled with salphide of carbon shows them most beaoti- 
folly. It is an advantage to place the prism 8 to 12 feet from the slit 

The refracting edge of the prism must be placed parallel to the slit, 
and tamed so as to obtain the minimnm of refraction. This is easilj 
obtained by taming the prism slowly on its axis ; the position will soon 
be foand in which the spectmm falls nearest to M, fig. 336. 

jjv^ ooß The slit must not be 

over i of a line wide. It 
gives light enongh when 
it is only j'^ of a line, and 
the lines are more dis- 
tinct Its length should 
be 10 to 15 lines. The 
spectmm is osnally trans- 
mitted throngh the object 
glass of a telescope which 
is adjnsted as for distant 
objects, and its object glass placed close to the prism. It is better to fix 
a wooden ring on the object end of the telescope, and fasten the prism to 
this in snch a way that it can be tamed on its axis before the middle of 
the object glass, as in fig. 337. The prism is thns secnred from belog 

overset or displaced, and 
Fig, 337. it« position in respect to 

the telescope can be more 
accnrately adjnsted. An 
achromatic telescope with 
a magnifying power of 10 
to 20 times is qnite snffi- 
cient In order to make 
measurements, the tele- 
scope of a goniometer must 
be nsed. 
Althongh the lines ap- 
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pear more nnmerons aad more distinct in tbis way, it is not adapted to 
dass illastration, becanfie it is tisible to bat one penon at a time. 

By placing close in firont of the prism a small board, with a large, 
ronnd apertnre contracted to a narrow slit, the spectrnm can be thrown 
on a straw-paper screen, and tbe broader lines become visible to the 
naked eye, eyen with a prism of crown glass. This apparatns is also 
needed in experiments on diifraction. The slit is arranged jast as the 
firat one. The lines may be seen on a screen still better, by placing a 
convex lens, of from 2 to 4 feet focal distance, behind the prism. The 
screen mnst be in such a position that the lens will prodnce a distinct 
image of the slit npon it It increases the distinctness of the lines to 
more the screen a little back and forward ; the lines are the more readily 
distingnished from accidenUd shadows on the paper. A second slit is 
not necessary. 

A prism of snlphide of carbon prodnces most beautifol resnlts, 
especially with an achromatic lens. The colors are brighter when the 
image is thrown on a screen of white paper instead of straw-paper, bnt it 
injares the eye to look at it long. 

A few of the dark lines are perceptible eren with the naked eye, 
especially the two broad ones on the limit between violet and blae, when 
a Tery fine slit is looked at throagh a prism held at the distance of 
distinct Tision. Bat the experiment is trying to the eye and not snited 
for instraction. 

[168] The rainbow. — To iUnstrate the theory of the rainbow we 
ose glass balls, from 2 to 5 inches in diameter, filled with water. Snch 
balls are easily obtained, as they are ased by many artisans to concentrate 
light on their work. The glass shoald be of aniform thickness, and the 
form as aocorately spherical as possible. The smaller balls fnlfill these 
conditions better than the larg^r ones, bat they do not show the path of 
the light throagh the ball so distinctly. Even a thermometer halb will 
show the principle. The balls may either be laid in a wooden socket or 
hang ap. Fill the ball with slightly tarbid water, and allow a ray of 
light to fall npon it throagh an apertare aboat two lines in diameter, in 
a screen placed jast before it The apertare in the heliostat may be from 
4 to 6 lines in diameter. The path of the light throagh the ball will be 
▼isible, and the spectrnm obtained by two reflractions and one reflection 
may be thrown on the screen. It is best to throw the light in snch a 
direction that the reflected ray shaU be horizontal. 

To explain the arched form of the rainbow, the apparatns contrived by 
Bensch, seen in fig. 338, is very convenient The spherical head a tnms 
with considerable friction in the stand A, and carries the glass rod m n 
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aboat i inch in thickness. The atont cotk b, which dips over thk rod, 
occapies the place of the eye, and eopporU tke two gleiider glan roda rr^ 

Fig, 338. 




V V, which are cemented into it. Each of these rods carries a littie disk 
of wood covered with paper, and each of the disks a slender rod s s, »' s'. 
The rods 8 8,8^8^ are painted white, the rod r r red, and v v blae. They 
are set at aboat the angle reqnired by theory, and the path of the light 
indicated on the disks by dotted lines, so that r r is the Prolongation of 
the red, and v v of the violet ray. The rods shonld be connected together 
at X and y to render them firmer. If the cork b be tnmed on the rod m n, 
the rods v v and r r will describe the cones in whose surfiiees the re- 
fracting drops lie. 
[169] To Show the chromatio aberratio!! of lenses, take a large 
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Fig, 339. 

o 



loifly of 4 feet or more focal distance, and throw the Image of a window 
on tiie white wall opposite. The Image will have a blue or red border 
aocording as the lens is moTed into the focal distance of the red or the 
blae rajB. 

This may also be shown veiy well as foUows. Cat in a tin plate two 
semicircnlar incisions like fig. 339, leaving the circle within jast large 
enongh to reeeive the image made by the convex lens at the 
point where it is most distinct and smallest Set the lens in 
the hole in the shutter, at right angles to the san's rajs, and 
let the image of the snn fall npon the plate. A sheet of 
paper held some distance behind the plate will now reeeive no 
light which has passed throagh the lens. But if both the plate and the 
paper be bronght nearer to the lens the circle will not be large enongh to 
reeeive the whole image, and the light passing throngh the apertare will 
be reddish. If the screen and paper be removed a little farther off, the 
light on the paper will be bluish. The experiment sncceeds better when 
the lens is set in the heliostat, bnt this reqnires a metallic mirror. 

The experiment can be made more convenientlj bj gaslight, by cutting 
an arrow in the slide fitting the chimney in fig. 320, and fixing to the slide 
two gnides, in which a plate of green and one of red glass, fitting very 
closely together at the edge, can be slid over the aperture. Fig. 340 
shows snch an arrangement half the natural size. The positions in which 
the Upper or lower half of the arrow is distinct are far enongh apart with 
a focal distance of two feet The experiment can be repeated with an 
achromatic lens. 



Fig, 340. 



Fig. 341. 





[170] Spherical aberration niay be very well shown with a lens, 
a foot or more in diameter and short focal distance, snch as were formerly 
common. Make a screen pierced with two rows of holes, as seen in fig. 
341. Place it before the lens and let snnlight fall upon it. If the light 
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which passes throagh the screen be canght npon a screen of white paper, 
which is gpraduallj remoTed to a greater distance, the rajs from the oater 
holes will be seen to pass throngh the inner rays, and nnite to form an 
Image, the rajs trom the inner holes forming a ring oroond it As the 
paper is removed'Still farther, the inner rajs will converge to a focos and 
the oater ones form a ring aroand it. 

[171] Fluorescence. — The phenomena of fluorescence or internal 
dispersion will soon be too important to be omitted in physical lectares; 
and we therefore mention here a few simple experiments which illustrate 
the important points of the snbject. 

The following are the substances which are adapted to these experi- 
ments: (a) Aqneoos extract of the hüll of horse-chestnnts. A few 
pieces of the hnll digested for ^ of an honr in cold water are enongh. 
(h) Ghlorophjl, alcoholic extract of nettles. (c) Tincture of nightshade 
[stech apfel.] (d) Tinctnre of curcuma. (e) Aqaeons Solution of sul- 
phat« of qninine. (/) A piece of glass colored yello wish green by uraninm. 
(g) Strips of paper, one-half moistened with the liqoids mentioned. 
When such a liquid is placed in the sun, light of another color seems to 
penetrate a little way into the interior: e.g. a deep-green light into 
tincture of nightshade, which is wine yellow. This is still more apparent 
when a beam of light is concentrated upon it by a lens of about 1 foot 
focal distance. The lens should be fixed on a support Fig. 342 shows 



J^. 342. 



Fig. 343. 






a simple stand which is available for a great many purposos. The botüe 
a is partially fiUed with sand ; c is a cork sliding on b and carrying the 
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Tod d, which Bnpports a ring of pasteboard, in which the lens is fastened 
in the nsnal way by two wire rings. 

Now take a ressel made of parallel glass plates, kept apart bj brass 
cemented between them, as in fig. 343, fiU it with a solation of Chloride 
of copper, and look throngh it at the green light penetrating into the 
tinctnre of nightshade. This light is qnite visible throngh the solation, 
and yet it is not the green light of the spectmm, for it disappears when 
the Solution of copper is placed between the light and the liquid, althongh 
none bnt green then falls on it. On the other band, this light remains 
when ammoniacal solation of copper is placed between the light and the 
liqnid ; bat it is not yisible on looking throngh the ammoniacal solation. 
Oreen light is thns prodaced by a blae medium. SimOar experiments 
may be made with alcoholic as well as aqueous Solutions ; and some of the 
yessels shonld, therefore, be cemented with isinglass cement and others 
with shellac. Many liqnids attack brass; it will, therefore, be well to 
snbstitate strips of plate glass for the brass in some of the yessels. 

In a spectrnm made with a flint glass prism and a lens, as in § 167, No. 
7, the double line H in the violet ray will scarcely be yisible on white 
paper. But if the spectrnm be thrown on paper colored with any of the 
Hquids aboye named, light will be yisible, with coantless lines, far beyond 
EL If such a spectrnm be now obseryed throngh a second prism, as in 
§ 167, No. 2, the obseryer will see, besides the oblique spectrum, a number of 
colors which contain the same lines as the original spectrnm, and running 
in the same direction as the original lines, so as to trayerse all the colors. 
If one of the liqnids be poured into a glass yessel with parallel sides, and 
pnt in the place of the paper, it will show the same phenomena; only the 
original spectrum disappears almost entirely, and the new Image penetrates 
into the fluid to a depth inyersely proportional to its refrangibillty. The 
dark lines appear like partitions. But if a Solution of quinine be intro- 
duced between the light and the prism, the original spectrum only 
remains.; becanse the liquid absorbs the rays beyond the yiolet. Sulphide 
of carbon produces the same effect A prism of this snbstance cannot 
therefore be used in these experiments. 

(<2.) EXPEBIHEHTS ON SIOHT, AHD SOME COHPOmn) OPTICAL 
IirSTAUMEHTS. 

[172] The eye. — To show the inyerted Image on the retina, and 
illnstrate the structnre of the eye, take one from a recently slanghtered ox, 
and free it firom the attached fat and muscles by means of a sharp knife 
or scalpel with conyex edge. The optic nerve should be cleaned and left 
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attached. Then cat ont of the wkrotic ooat or White of tbe eye a strip 
abont ODe to one and a half lines broad and two lines high, in the difec« 
tion of the axis of the eye. To do this, cut the Bclerotic about half 
throQgh on the fonr ddes of the slip, and then with the point of the knife 



Fig, 345. 




carefolly separate it at one edge, into wMch in- 
trodace the point of a pair of sharp scisaors, aad 
follow ronnd the entire outline. Lay the eye 
on a wooden stand hollowed ont to receiTe ii, 
fig. 345, and remoye the choroid coat This 
may be done without ii\jnring the retina, by 
seizing the choroid with a delicate forceps, aad 
entting throagh the part thns held, finiahing 
with the Bcissors. After entting ont in this way 
a piece of the choroid the rest is thrown back. 
It will be snfficient to remoTe the onter blacfc 
layer of the choroid, bnt this is more difficolt; 
the image is then more distinct, for the retina is 
apt to protmde somewhat throagh the apertore, 
especially when the stand is not hollowed ont to 
receire it 

If, after this preparation, the flame of a candle 
be held before the eye, a yery distinct and sharply defined inverted image 
of it will be seen throagh the portion thns rendered transparent 

Döring Hie preparation of the eye it shonld be aUowed to float on 
water, that it may nndergo no change of form. 

After this, lay the eye on the comea and extend the section of the 
sclerotic coat to within a line of the comea, and continne it at this 
distance circnlarly aronnd the eye. If the scissors have not a knob on the 
end, the point mnst be directed against the sclerotica at each Insertion, 
so as not to injnre the choroid. Now take ap tbe sclerotic with the 
forceps and loosen it from its slight attachment to the choroid by means 
of the scalpel, all aronnd to the optic nerve, and finally cot throagh this. 
The choroid is now completely laid bare. Next make a coaple of inciaions 
in the choroid toward the comea, holding np the coat all the while with 
the forceps, and layiug back the edges. In this way the retina is com- 
pletely exposed. Finally remove this, by seizing it with the forceps and 
drawing it aside by piecemeal. It has no tenacity except when the eye is 
qnite fresh, and has only to be poshed aside to show the vitreous humor 
in perfect cleamess. The crystalline lens will also be exhibited and the 
pnckered ring in which the choroid ends anteriorly, and in which the 
capsnle of the lens is fastened. The latter is of no importance in the 
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pkyrfeal comideratioft of the eye. On seudiig the choroid and sderotfo 
coats, and hdding ap the eye hy them, the vitreons hiimor and the crystal- 
line lens become loosened by their own weight with a Utile assistancei 
and separate firom the iris. Catch them in a dish» the lens nppermost; 
it is generally encircled by the attaehed pigmentom nigpmn. On spliting 
the eapsole at the aide, tiie crystalline lens will fUl oot; it may then be 
stock edgewise on a pin and nsed as a lens. To showits foliated textnie 
it most be hardened in alcohoL 

Open another eye in firont by introdncing the sharp point of the scalpel 
ander the edg^ of the coxnea and thmsting it into the anterior ehamber 
of the eye, before the iris, and with the blade parallel to the iiis. On 
withdrawing the knife the aqneons hnmor will foUow, and the whole 
Cornea may be cnt away with the seissors to show the ins. When the 
edges of this are separated firom the choroid coat, the crystalline lens and 
its capsde will again be visible. 

This demonstration of the stmctore of the eye will be yery mnch aided 
by an arüficial eye on a large scale. 

[173] VisioiL — ^To ezhibit the ezperiment of Father Scheiner, on which 
Stampfer's Optometer is based, take tiie bar, fig. 815, set a white screen at 
one end of ity the small lamp, fig. 817, about one third of the length firom 
tiie other end, and a convez lens between the two, so as to project a distinct 
image of the lamp on the screen. This 'mage will remain distinct, thongh 
a screen with two rectang^nhur apertnres, 1 inch high, i inch wide, and 
aboüt ^ inch apart, be introdnced close before the lens. The illnminating 
body is now at the normal distance for distinct vision for an eye whose 
retina is represented by the white screen, and its crystalline lens by the 
glass lens. If the distance of the light be now varied, two Images of it 
will appear on the screen, and the distance between them will increase 
with the change of position of the flame. 

£174] Stampfer's Optometer, in its slmplest form, is easily con- 
stmcted. Have two Square wooden tubes made, aboat 15 inches long, so 
that one will slide easily in the other and still fit closely. The exterior 
one shoüld be aboat an inch Square, and the inner one divided into inches 
and lines. A piece of glass is set in the end A, fig. 346, and upon this a 

Fig. 346. 



piece of tin-foil pasted in which two slits are cat ^ an inch long, J line 
Wide, and about the same distance apart. The inserted end of the inner 
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tabe is also dosed with a pieoe of glass corered with tin-foil with a slit in 
it. The end B is elosed with a piece of smooth g^ouDd glase or straw- 
paper. When the inner tnbe is pnshed in all the way, the zero of ito 
gradnation mnst project beyond the end of the onter tnbe as for as the 
distance between the slit on its glass and the two slits on A If the 
tnbes be held toward the snnlight with A close to the eye, and the inner 
tnbe drawn ont nntil its slit is seen Single throngh the two slits in A^ the 
gradnation on B will indicate the limit of distinct vision for that eje. 
The mean of the two positions mnst be taken in which the slit ceases to 
appear Single when it is mored backward and forward. It is still better 
to let the eye rest, and to seek the position in which the slit appean 
Single to the nnacenstomed eye. The Instrument is tolerably long when 
constmcted in this way, for it contains no convex lens like Stampfer^^ 
bnt it is still qnite serviceable. The lens necessary to prodace the normal 
effect, with the visnal distance thns measnred, can be fonnd by calcnlation, 
or a Scale attached to the other aide which will indicate the focal distance 
of the reqnired lens. The nnmbers of the spectacle glasses nsnally mn 
by Yienna inches. 

The foUowing table contains the yisnal dlstances in inches corresponding 
to the mnning nnmbers of the glasses nsed in the trade, the normal Tisnal 
distance being assnmed at 8 inches. In selecting spectacles by this table, 
the feeblest glass shonld be nsed with whose nnmber the slit appears 
Single. 



Numlwr. 


Yimal 


Nnml)«. 


TItnal 


NamiMr. 


Tlnul 


Number. 


Ytaul 


OrocTe. 


Dtotano.. 


CoDcaT«. 


DMuioa. 


Oonnx. 


DbtuH». 


Oonrez. 


DtoUao.. 


1 


0-88 


16 


5-33 


9 


7200 


18 


14-40 


2 


1-66 


17 


6-44 


H 


69-20 


19 


13-81 


3 


218 


18 


5-54 


H 


50-66 


20 


1333 


4 


2-66 


19 


5-63 


H 


44-57 


22 


12-57 


5 


30t 


20 


5-71 


10 


40-00 


24 


12-00 


6 


3-43 


22 


5-87 


m 


83-60 


26 


11-55 


7 


373 


24 


600 


11 


29-33 


28 


11-10 


8 


400 


26 


612 


iH 


26-28 


30 


10-90 


9 


4-23 


28 


6-22 


12 


24-00 


32 


10-66 


10 


4-44 


30 


6-31 


13 


20-80 


34 


10-46 


11 


4-63 


32 


6-40 


14 


18-66 


36 


10-28 


12 


4-80 


34 


6-48 


15 


17-14 


38 


10-13 


13 


4-95 


36 


6-54 


16 


16-00 


40 


10-00 


14 


509 


38 


6-61 


17 


15-11 


... 




15 


5-22 


40 


6-66 


... 




... 
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[175] Duration of the impreBsion of light on the eye.— 

For this experiment we ose the rotarj machine with the attachment, fig. 
34t, npon which the pasteboard disks, painted with the 
proper colors, are screwed. The disks are j to 1 foot 
in diameter, and covered with white paper, on which the 
colors are laid. The best colore are indigo, Pmssian 
blae, gamboge, and carmine ; these are mixed to form 
violet, green, and orange. To obtain white, the disk mnst be divided in 
Proportion to the breadth of the seyeral bands of the spectmm, and 
painted with the corresponding colors, laid on tbin. The resalt will 
probablj not be white, i.e. gray ; bnt the experimenter can jadge from the 
tint obtained which of the colors mast be deepened to prodace graj. 
Indigo and carmine prodace a fine violet when carmine Covers onlj 90^. 
Gamboge and indigo in the same proportions giYO green. It is advisable 
to paint the margin of the disk, and a circle of abont 3 inches aronnd the 
center, blacL Instead of painting the disks, thej may be covered with 
the bright-colored papers nsed by the binders for the titles of books. 
[176] The thatunatrope. — This toy is too well known to need 



Fig. 348. 



Fig. 349. 



Fig. 350. 





m 



description. Fig. 350 shows a modification of it made by cntting a 
playing card throngh the middle, pasting the backs together, and fastening 
the end in a groove in a ronnd stick. When the stick is twirled rapidly 
between the fingers by two brass pegs driyen in the ends, the whole figare 
will be visible. 

[177] The phantOSCOpe. — The principle on which the drawing is 
made is very simple. The time necessary for a complete revolution of the 
figare is dirided into as many parts as there are holes in the disk, fig. 351, 
and the figure drawn ander the hole in the position in which it is to 
appear at eacb of these periods. If seyeral drawings are made, they mnst 
be drawn on disks wbose diameter is less by abont the width of the 
apertnres, and these fastened on the first large disk. Figares may be 
drawn on both sides of the small disks. The simplest way of setting the 
disk in reyolntion is represented in fig. 352 : a & c is a brass wire, abont 
1| lines thick, flattened slightly at top and bent twice at rigbt angles. 
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The smooth azis d e tnrns easily in the hole« mn ; the batton g is acreved 
on this azis, and the disk fttstened between it and Üie nnt x^ üg. 351 ; tbe 

Fig. 851. Fig. 352. 





i7i ^> 




latter mast be made of brass. The disk is tarned bj the batton /while 
held at a distance of 2 or 3 feet from a mirror, with the eye close to the 
apertnres. 

Fig. 353. Fig. 354. 




The mirror may be dispensed with and the ezperiment made visible to 
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sereral persona at once, bj fastening the disk with the figares opposite 
that with the holes, on the same azis, as in fig. 853, and on a larger scale 
in fig. 854. 

[178] Suld^Otive OOlorS, — ^The bright-colored paper nsed bj the 
bookbinders is best for these experiments. Cnt simple figares out of 
Bach paper and laj them on a brightlj illaminated white gronnd ; after 
regarding them steadilj for a moment jerk them awaj snddenly bj a 
string. An easier mode of trjing the ezperiment is to paste a strip of 
white paper, 1 millimeter wide and 1 to 2 millimeters long, on a piece of 
bright-colored glass: the paper will have the complementary color to 
that of the glass. This appears still more distinct when a piece of yery 
white thin paper, of the same size as the glass, is held behind it; bat the 
shade of color is nsaallj altered. Everything appears to the eye colored 
after looking for some time throagh a colored glass. Sabjective colors 
may also be seen yery well by looking for a time at the Images of the two 
apertnres described in the foUowing paragraph, and then at another part 
of the white wall. 

Nörremberg has contriyed an exceedingly conyenient and simple 
instrnment for showing the phenomena of snbjectiye colors to a whole 
andience at once ; fig. 355 shows a front yiew of it, fig. 356 a side yiew, 
and fig. 357 a section throagh the dotted line in fig. 355. It consists of 
a wooden frame, the lower half of which is donble ; each part has a grooye 
aboat 1 line in breadth and depth. The front groove passes throagh the 
bars aa, c c, so that the slide, which is made of cardboard, coyered with 
white paper, can fall to the bottom. 

The slide is of snch size that when it is held ap by a pin passing throagh 
the hole m no part of it will project below the bar a a, The npper part 
of the jframe may, if desired, be coyered with paper, so as to conceal the 
slide entirely. The half frame is closed at the back by a board b b, 
Squares of bright-colored paper, cnt like fig. 359, slide in the back grooye, 
so that the sqnare section will occnpy the middle of the field : n is a black 
ball, 4 to 5 lines in diameter, fastened by a wire to the bar a a, so as to 
lie in the center of the lower field. The colors of the papers mnst be as 
intense as possible, and smaller pieces of the same are proyided to slip 
behind and coyer the section of the others. 

The experiment is made by placing two papers of different colors in the 
back grooye, so as to haye, e.g. a green sqnare on a red field, and hanging 
the apparatns on a well lighted wall Draw the slide np and fasten it by 
a wire passed throagh m, with a string attached ; let the andience look 
steadüy at the black spot in the center for aboat half a minate, and then 
pull ont the wire and let the slide fall ; it will appear in colors the com- 
plement of those of the paper. 
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Fig. 856. Fig. 857. 




[179] Colored Shadows. — This phenomenon majbe prodaced in 
8 striking manner as follows: Make a slide for the apertare of the 
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heliostat, with two holes, aboat | an inch in diameter and 2 to 4 lines 
apart ; cover one with red, the other with blae glass. Let the images of 
these holes fall on a white wall 10 or 20 feet distant; thej will oYcrlap 
each other in a great measare, and the parts which OTerlap will have a 
more or less white color, according to the shade of color of the glasses. 
If the images do not overlap safficientlj, the distance may be doabled bj 
reflecting them from a mirror. Hold a slender wooden rod, a lead-pencil, 
in the rajs where thej cross each other : it will cast a red and a blae 
shadow. If the peneil be held near the wall, the shadows will partlj 
coYcr each other and form a black shadow ; a black shadow resalts from 
obscnring either one of the apertares. 

[180] The StereoSCOpe. — To explain the manner of vision with 
both eyes, we need a cnbe abont one inch on a side, and a Wheatstone's 
or Brewster's stereoscope. The latter are now very common and cheap. 
It is well to have also a pictare, the two parts of which are painted with 
complementary colors; it will then appear white 
when Seen throngh the stereoscope. The pictnres 
designed for the stereoscope also appear solid when 
the two eyes are separated by a partition, so that 
each eye sees bat one pictare. The pictnres do 
not at once nnite, bat they do so after a moment. 
Fig. 360 represents an arrangement for looking at 
the pictnres in this way. The pictnres are laid 
on the board a &; the height of c d is regnlated 
by the yisaal distance. 

[181] Camera ObSClira.— A sarprisingly 
beantifal resalt is prodaced by inserting a convex lens, of 4 to 6 feet focal 
distance, in a shntter of a dark room and receiving the Image on a large 
white screen. The screen mnst be adjasted with reference to the distance of 
the objects and the size of the Image. The best effect is prodaced when 
the Yiew is of a place aboat two or three handred yards distant In this 
form the camera obscura costs really nothing, for both the pieces can be 
ased for many other parposes. The images are inverted, which is 
corrected in the ordinary arrangement with the mirror. Erect images 
may also be obtained with the camera obscnra, by letting the light pass 
throngh a rectangalar glass prism placed close behind the lens, as shown 
in fig. 361. 

IHg, 361. 
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An ordinary camera obscara, fig. 862, is easily made bj takiog a wooden 
box whose length corresponds to the focal distance of the lens, aod 

Fig, 362. 




inserting in the front of it a tabe of pasteboard, ioside of which a second 
tabe carryiDg the lens can be slipped in and ont A good plate glass 
mirror is selected and placed at an angle of 45^ with the axis of the 
camera. The image is received on a plate of glass prepared bj grinding 
with emery on another plate. 

[182] The solar micrOSCOpe. — This instmment is not adapted 
to actnal microscopic investigations, and it is therefore not best to spend 
mneh money on it Bat it is entertaining and well adapted to illnstrate 
the action of lenses, and can be easily attached to the indispensable 
heliostat. The apertnre of the latter is fnrnishcd either with a screen or 
a Short tabe. In the first case, a convex lens, of 4 to 6 inches focal 
distance, is monnted in a wooden frame a b, fitting in a pastebord tnbe 
m 9n, m m, ^g. 363, which is abont an inch less in length than the focal 
distance of the glass. If the heliostat is furnished with a short tabe, the 
lens may be fixed directly in the tnbe m m by pasting a ring on the inside 
near the end, laying the lens over it and keening it in place by a wire 

Mg, 364. 





ring. This tnbe mast fit the tnbe of the heliostat A secood tabe, g g, 
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(easily obtained irom an old telescope,) mnst fit inside ofm m, and inbide 
of this again tbe wooden cap n n, shown on a larger scale in fig. 364. 
The object glass is set in the small tnbe o o, which rests on the plate d d. 
If a Compound microscope be at band, the achromatic lenses firom this 
maj be t&keii and fized in pasteboard tnbes. These small tnbes must fit 
in the tnbe o o, and go to the bottom of it ; it is well to have the hole in 
the plate däss wide as the tnbe o o. The interior is blackened through- 
ont with indian-ink. The plate e e, which has a sqnare apertnre, is slipped 
OTer d d. The screws r r pass looselj through the plate into the wooden 
cap; Spiral Springs, made of hard brass wire, are coiled aronnd these 
screws to press the plate against the cap ; // are knobs by which it maj 
be raised. The slides are introdnced between this plate and the cap. 

The room must be qnite dark and the Images be received either on a 
white wall or a large screen. Dry snbstances are placed in the ordinary 
object slides ; flnids in drops on a piece of plate glass, or in a little 
trongh formed of two parallel plates of glass, abont 3 millimeters apart. 
For dry and dead objects the tnbe g g mnst be so adjnsted that they will 
be in the focus, but living objects and flnids cannot endure the heat thns 
prodnced. 

[183] The Compound microscope. — in pnrchasing an instm- 
ment of this kind a good one shonld be selected at once.* A tolerable 
Instrument will answer for the parpose of illnstration, but the instructor 
needs a snperior one for his own researches. It is best to buy of a maker 
of established reputation ; the Instruments made by Oberhauser in Paris 
can be recommended as the cheapest in proportion to their power. 
Before buying a microscope which is casually offered for sale, it is advis«» 
able to compare its Performance with that of a good Instrument whose 
cost is known. The scales of Bombyx Mori, or, still better, of Lepisma 
saccharinnm, form very good test objects ; and, for very good Instruments, 
scales of Hipparchia Janira fem. Gare must be taken not to be deceived 
by preparations presented by the seller, for if they are skillfully made they 
may give rise to gross deceptions in respect to the power of the Instru- 
ment A micrometer scale fumishes a more accurate test of its powers. 
Such micrometer scales are very costly, and not to be used with a magni- 
fying power below 100, the lines of the first group being only one 
thousandth of a Paris line apart. In jndging a microscope the size of 
the field of view is to be considered as well as the magniiying power and 
eleamess and distinctness of the Image. 

Althongh the optical effect is the chief consideration, the price also 

* The mioroBoopes made by Sohiek in Berlin are yery highly oommended. 
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varies with the perfection of the mechanism. In powerfal instrumenta 
either the body of the Instrument or the objective mnst have a steady 
motion by a micrometer screw. The object shonld be illuminated from 
above as well as by the mirror from below, which should be effected by a 
convex lens attached to the side, which is far better than Lieberkuhn's 
mirror. Another consideration is, whether the instrument is provided 
with an ocnlar micrometer, or an objective micrometer on glass, or a screw 
micrometer. For common use an ocular micrometer is most conyenient, 
but it is necessary then to know the magnifying power of the objectires. 
Objective micrometers are more convenient for determining magnifying 
powers, but the fine lines soon become dirty and opaque by being used 
with various objects. Screw micrometers are the most accurate, but 
cannot be used with all objects. Finally, the Instrument must have a firm 
basis and a suitable case. If it admit of use in a horizontal position, so 
much the better. All these particulars, and especially the many small, 
and for the most part quite useless, articles which are sold with micro- 
scopes, are of secondary importance, but they materially affect the eost of 
the instrument. 

The power of a microscope is considerably increased by making the 
aperture in the stage but little larger than the field of view. But as this 
varies with the different powers used, and the stage must have a larger 
aperture for some purposes, it must be adapted to receive screens with 
apertures of various sizes, enlarging below. These are easily made ; the 
edge of the opening must be very sharp and bored smooth. The aperture 
and the whole upper surface must be blackened. The screens with larger 
apertures may be made of ebony. Fig. 365 sho^s a screen of this kind 
in place. 

Fig. 365. Small Squares of glass with 

rounded edges are necessary 
as Supports for transparent 
objects. The preparations 
may be laid between two such plates and paper pasted over all but the 
spot occupied by the object, fig. 366. The name is written on the paper. 

One of the plates must be veiy 



Fig, 366. 




thin to enable the objective to be 
brought close to the object, espe- 
cially with Compound leuses. The 
opticians seil extremely thin glass 
prepared expressly for this purpose ; 
it is rather expensive. This glass 
is not streng enough to bear the 
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pressure of a glazier's diamond; it must be marked with a scratchiog 
diamond, and then broken. Many small objects may be made beantifully 
transparent by being monnted in Ganada baisam. Lay a drop of baisam 
on a slip of glass, warm the glass slightly and press the object into the 
balsam; add a second drop on the top of this, and press it flat with 
another slip of glass. The objects to be monnted thns mnst be previonsly 
dried and the balsam qaite liquid, otherwise the moisture will adhere to 
them in minute drops. It is very difficult to avoid air bubbles, bnt they 
may be gradually worked out by lateral pressure ; the balsam itself must 
first of all be free from bubbles. The plates must lie long enough for the 
balsam to harden before they are cleaned off externally. This mode of 
mounting is not suited to all objects. 

Insects of the size of a flea are prepared by sqneezing out the intestines 
through an incision made with a lancet in the abdomen, and carefuUy 
remoTing the extruded parts. The empty Shells thus obtained produce 
sarprising effects under moderate magnifying powers, especially with the 
solar microscope. 

The reflected light of white clouds or white houses produces the best 
illumination : direct sun light cannot be employed for the purpose. The 
light of a lamp with an Argand bnmer is ezcellent, especially for illumin- 
ating the object from above. 

In Order to choose the proper combinations, it is necessary to know the 
magnifying powers of the several glasses. The Statements of the dealer 
are not to be implicity trusted in this matter. The only mode of de- 
termining this accurately is by direct comparison. Lay an object, whose 
size has been accurately measured with a micrometer, under the Instrument, 
and look at it with one eye while the other eye is fized on a scale marked 
with heayy lines on white paper and placed at the distance of distinct 
Vision. With a little practice the observer will be able to see both 
images distinctly, so that the one will cover the other, and he can then 
read off the number of graduations the object Covers on the scale. The 
reading is rendered more difficult by the tendency of the two images to 
move over each other, but this difficulty decreases with the size of the 
object. The mean of several measurements must be taken, and the powers 
obtained reduced to the normal distance of distinct vision, unlcss the 
Operator can observe the scale at the distance of 10 inches, this being the 
distance usually assumed by the opticians in calculating the magnifying 
power. 

The unpleasant shifbing of the images in respect to each other may be 
entirely obviated by a small steel mirror (Sommering's mirror) over the 
ocular in such a position that the object can be seen in a horizontal 
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Fig. 367. 



direction; the scale may then be fixed in the same direction, as ahown in 

fig. 367, 80 that both shall be seen 
with one eye. A camera lacida, naed 
in ihe same waj, aaswen the same 
porpose. 

Having measored all ihe objectiTes 
with the feeblest ocolar, measore in 
the Barne way all the ocnlars with the 
feeblest objective, and calcnlate the 
coefficients bj which the magnifying 
power of the feeblest ocular most be multiplied to obtain the power ot 
the others. Enter these data in a table simUar to the foUowing : — 




OltfectiYe, 

thenearmtto 

the eye. 


Ooaltf, No. 1. 


Ocular, No. 2. 
Ooeffic. 


Ocular, No. S. 
CoefBc 


1 

21 









When the instniment has an ocular mierometer, it is onlj necessary to 
determine the power of the objectives : this is done bj simply noting the 
nnmber of divisions which an object of known size Covers on the ocular 
micrometer. The position of the ocnlar micrometer in the instniment 
varies with the visnal distance of the observer, and mnst be found by 
ezperiment As a mle, the more powerfal ocnlars are only used when 
the magnifying power is to be increased without moying the object 

The Instrument, when not in its case, mnst be carefnlly protected from 
dnst. Any dnst which setUes on it shonld be remoyed with a fine hair 
pencil. When the glasses appear clonded they shonld be wiped with 
soft chamois leather, afber carefnlly brnshing off the dnst, which might 
otherwise Scratch the glasses. It is still better to nse a piece of old linen, 
washed in pnre water withont soap, and afterwards dipped in water into 
which prepared chalk has been stirred 10 or 20 minntes before, and then 
dried. This linen and the leather mnst both be kept folded in paper and 
used for no other pnrpose. Eider pith, cnt with a clean knife and freed 
from the hard rind, is particnlarly snitable for cleaning ont the comers 
and angles. If the achromatic combinations are not cemented together, 
dnst will sometimes find its way between them ; shonld it be necessary to 
take them apart, it mnst be done with great care, and their relative 
positions firat marked with a scratching diamond. 

Any Compound microscope may be used as a solar microscope by 
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reflecting a raj of light from its mirror in a dark room. The image will 
be received on the ceiling. 

[184] The telescope. — The theory of the telescope may be illus- 
trated by lenses fized in the sockets on the frame fig. 315. The image 
may be viewed directly by removing the ocnlar of a telescope and sab- 
stitnting for it a short pasteboard tabe, blackened internally. If a screen 
of groand glass or straw paper be placed at the proper point in the tabe, 
the image will be thrown on it The theory of the Compound microscope 
may be illastrated in the same way. 

In parchasing a telescope, a good achromatic terrestrial Instrument, 
magnifying 10 to 20 times, should be selected, which will be available for 
ezperiments on diffraction. 

An astronomical telescope must, at least, be sufficiently powerful to 
show the rings of Saturn distinctly. 

Fig. 368 represents a simple method of mounting a telescope equatori- 
ally : a is a heavy block of wood covered on the bottom with cloth, the 
angle a being equal to the polar elevation of the place. Fig. 869 is an 
enlarged view of the Joint 8. The telescope is fixed in the ring p p, The 
block is set on a level plotting table, with the axis a 6 in the meridian. 



Fig, 368. 




Fig, 369. 




A Star being in the field of the telescope, the Joint 8 is tightened, and the 
Instrument tumed on the axis a b, so as to follow the star. When the 
telescope is mounted on a tripod with vertical and horizontal motion, the 
tripod may be detached and the upright post fastened immovably to a 
instead of the axis a b. It might also be screwed to a block with one 
face parallel to the equator, as in fig. 370. 

The Yalue of a telescope depends less on its magnifying power than on 
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it8 clearness and definition. The best way of comparing two instnimaits 

is to measare the distance at 



Fig. 370. 




Fig.Z1^. 




which the same print can be 
read with each. A clear sharp 
type on white paper shonld 
be choseD for the purpose. 
[185] Beflectiiig tele- 

SCOpOS. — An Instrument of 
this kind, thongh no longer 
made for ose, is convenient for 
illnstration and for many ez- 
periments. A casaal oppor- 
tanity to pnrchase an old one 
shonld, therefore, be improved. 
They are easily refitted if the 
reflector and the lenses are 
good. 
[186] The magic lan- 

tem. — A powerful Instru- 
ment may be construeted with- 
out mnch cost, by making nse 
of the lenses and monnting of 
a Camera obscnra designed for 
Photographie pnrposes. Have 
a tin box made to fit over an 
Argand lamp, as shown in fig. 
87 1| with a door in the side, a 
small tin reflector on the back, 
and a tin tnbe set on the slide 
rest a to receive the lenses and 
their monnting. The length 
of this tnbe mnst be adjnsted 
aecording to the focns of the 
Instrument. 



(6.) EXFESIHENTS ON THE INTERFEEENCE AND DIP- 
FEACTION OF LIGHT. 

[187] The mirror expeiiment. — This experiment is made 
with two pieces of the same mirror. Take a piece of plate glass which is 
not very thick, 2 to 3 inches long and 1 to If inches wide, and ent in 
hakes by a clean stroke of a diamond : if it does not break with a straight, 
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smooth edge, try another piece. Round the edges on the other three 
8ides with a file or sand. 

Glean carefally the aide on which the cnt was made with alcohol and 
blotting-paper, and apply 4 to 6 thick coats of indian-ink, so as to form 
an opaqae coating. Each snccessive coat mast be applied bj gentle 
parallel strokes of the brush, for the least pressure will loosen the previons 
coats. The strokes mast always cross those of the last coat. Black 
sealing-wax, or lamp black mixed with oil of tarpentine and a littlo 
yarnish, may be nsed instead of indian-ink. 

Take a block of wood, fig. 372, with a stem fitting in one of the Stands, 
color it a dall black, and smear a little shoemaker's wax in the middle and 
along the edges of one side. Lay the two pieces of glass on the wax with 
tbe cnt edges together, and press down the middle so as to give the plates 
a slight inclination to each other, jnst snfficient to show a double image 
of a Window bar 10 to 20 steps distant. The edges must fit evenly 
together. 

Fig. 373. 



Fig. 372. 





u _i 






Fig. 874. 




1 



The experiment may be made with a candle, or a lamp with a narrow 
flame, without a screen; bat the lines are more distinct when a screen 
with a slit not less than one line wide is interposed. The arrangement 
with a gas flame in § 161 is very convenient Fig. 373 shows a screen, 
between whose bars m and n either two slides may be inserted or the 
Single slide a b, fig. 374. All the parts of these slides must be carefally 
fitted. The arrangement of the slit shown in fig. 332 is very convenient. 
The room need not be dark. 
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Place Übe two blackened mirrore on a level with the light, at a dlstance 
of 10 to 15 paces; at a less distance the lines, thongh still visible, will be 
mach less distinct The line of janction of the two mirrora mast be 
parallel to the flame or the slit, and the mirrors set an ezceedinglj small 
angle to the rays of light The light shoold be observed throngh a lens 
with a magnüjing power of 4 to 6 times, fized on a black frame, as seen 
in fig. 375, and placed 1 to 2 feet distant from the mirrors, 
nearly in a straight line with the slit and the middle of the 
mirror. The light, screen, and mirror maj be fized on the 
stand, fig. 315, and the lens set on a separate stand. 

If the experiment be made with snnlight, the slide, fig. 
874, is attached to the heliostat and the lines shown on a 
screen of straw-paper. Objective demonstrations saye 
mach time, and the lectarer is sare that the aadience really 
see the phenomenon, which is not always the case other- 
wise. An apparatas is ofben displaced, and the faet escapes 
notice nntil many persons have looked and seen nothing. 

To make the experiment with homogeneoas light, snn- 
light is almost indispensable. A piece of glass of the 
proper color, or a bottle with parallel sides filled with a 
colored liqnid, is placed before the opening in the heHostat Ammonio- 
salphate of copper yields an admirable blae solation. It is obtained by 
adding ammonia to a solation of salphate of copper nntil the greenish 
blae predpitate at first formed is redissolved. The solation can be kept 
nnchanged for years in a closely-corked phial. Table salt sprinkled on the 
wick of a spirit-lamp imparts to the flame a tolerably homogeneoas yellow 
color, which may be rendered completely so by transmitting it throngh a 
brownish-yellow glass. 

[188] Experiments with the interference prism.— it is 

tolerably difficnlt to obtain a biprisma both parts of which give an eqaally 
small refracting angle. Almost any piece of thick plate glass may be 
made to answer the purpose, for the surfaces of plate glass are seldom 
parallel, and it is only necessary to ascertain the direction in which, if 
prolonged, the faces wonld intersect each other. This may be done, 
according to Ohm, by fixing a dark screen with a fine slit before a window, 
and placing the glass abont a foot from it in snch a position that the slit 
can be seen in it. Two images will be seen, one reflected from the nearer 
and the other from the farther side of the glass, from which the coating 
has been scraped off. Bat the two images will only lie in the same 
straight line when the plane of reflection is perpendicnlar to the edge of 
the refracting angle which the two snrfaces of the mirror make with each 
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Fig. 376. 



other. This direction is easily found bj torning the mirror, and the 
directioQ of the plane of reflection marked npon it. Gut a strip aboat an 
inch Wide ont of the mirror at right angles to this direction, and take two 
pieces an inch long from this. It is easy to find with the callipers on 
which side they are thickest; this is gronnd perfectly plane. To avoid 
splintering the edge dnring the grinding, cnt a slight bevel on the edge 
first, and grind it away finally with yery fine emery. The other three 
sides need not be gronnd so carefnlly. Fasten a strip of brass m m to a 
board a b with a handle, fig. 8t 6, and lay the two prisms against this 
with their bases together. They may be kept 
in place by little brass Springs c c e, or cemented 
with Canada baisam. Prisms of this kind can 
be nsed with a mnch finer slit than mirrors, and 
are particularly serviceable with homogeneoos 
light. The whole apparatns can be arranged 
on the beam, fig. 315, at the same distances as 
with mirrors. 

[189] Newton'S rings.— The rings may 
be shown very beantifnlly with a convex lens of 
abont 4 feet focal distance, and a piece of platc 
glass ; their breadth and beanty increase, how- 
eTer, with the focal distance of the lens. For 
exhibition the lens and plate mnst be set in a 
frame, so that 'the pressure of the two glasses npon each other can be 
increased at pleasnre. Two stont plates of brass with apertnres in the 
Center, and held together by fonr screws, as in fig. 37t, is all that is 




Fig. 3tt. 




needed. To make the rings more distinct 

by reflected light, lay the apparatns npon a 

black gronnd and view it obliqnely. As 

the rings show bnt faintly by transmitted 

light, it is better to project them on a 

white wall by means of a solar microscope 

with a low power. The distinctness of the 

image is increased by covering the lower brass plate with black paper, 

and leaving an apertnre only as great as the diameter of the rings. 

To insert the apparatns in the solar microscope, a tnbe of pasteboard 
mnst be made to slide in or over the tube m m, fig. 363, just large enongh 
to receive the glasses, and provided with a smaller tube a, as in fig. 3t8, 
for the adjnstment of the lenses. 

Crystals with perfect cleayage, snch as gypsnm, mica, and calcareons 
spar, may be nsed to illnstrate the colors more fnlly. They nsnally contain 
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air inclosed between the lamine, or it maj be easilj admitted bj attempt- 
ing to cleave them with a knife. 

Newton's rings may be shown verj beantifiillj by 
lajing a strip of gold-leaf, abont half an inch wide, 
aronnd the margin of a disk of thin glass, 3 to 6 
inches in diameter, lajing the gilded side of this disk 
on a similar one blackened on the back, and pressing 
them together in the center. The pressure should be 
applied by a blunt-pointed stick of wood. Slips of 
glass gilded at the ends may be snbstitated for the 
disks ; bat they do not exhibit the rings so well. The 
gilding may be applied by breathing on the clean 
glass and laying it on a sheet of gold-leaf as far as 
reqnired, and then catting the gold-leaf by drawing a 
Sharp knife with a convex edge aronnd the edge of 
the glass withont moving it. The two pieces of glass 
may be nnited by pasting paper aronnd the edges. 
To make the experiment with homogeneons light, the wick of a spirit- 
lamp may be strewed with salt The rings are always more nnmerons in 
homogeneons light, and two glass disks separated by gold-leaf appear 
qnite covered with them. By placlng the apparatns snccessively in the 
different colors of a spectrnm prodnced by a prism of flint glass, the rings 
appear very nnmerons, and the differences in their breadth in different 
colors may be perceived withont measnrement. 

To show Newton's rings with soap-bnbbles, make a solntion of good, 
dry, home-made soap (the finer kinds are not nearly so good) in pnre 
soft water, in the proportion of 1 to 180 or 200. Filter the Solution 
while hot. It is better to allow it to stand 24 honrs, and to avoid stirring 
up the Sediment which subsides. When the solntion is cold it may be 
used as follows : — 

(a) Place the Solution in a saucer over black paper by an open window, 
and with a small glass tube blow a hemispherical bnbble about an inch 
high. Withdraw the tube before the colors appear, and covcr the sauccr 
with a bell-glass. The colors make their appearance on the summit of 
the bubble and spread in every direction. Often all the rings with the 
dark central spot form at once, and grow broader. As many bubbles 
break before the rings are all developed, and the development proceeds 
slowly, this process is not well adaptcd for class Instruction. 

(Jb) Pass the glass tube through a cork and blow the bubble inside of a 
bottle. Cease blowing before the colors appear, and close the tube with 
a plug of wax. The rings appear aronnd the tube. The color which 
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occupies the space nearest the ring is offcen 1 to 2 lines broad. Bat the 
rest of the colors are generally narrow, and the saccessive rings crowd the 
preceding ones aside. The babbles remain for a considerable time. 

(c) The bands may be prodaced very beantifally and certainly by dipping 
the moath of a tambler into the sads and holding the film thns formed 
obliqnely ; the higher parts becoming thinner, the colors appear in bands. 
This ezperiment is very easily made, the bands are developed very rapidly 
and attain a considerable breadth; the experiment is, therefore, well 
adapted for illnstration, althongh the film which Covers the month of the 
glass soon breaks. 

(d) Boil a more dilnte solntion of soap (^J^) for some time in a white 
phial, in order to expel all the atmospheric air, cork it qnickly, cnt the cork 
even and seal it If the bottle be shaken after cooling, babbles willbe 
formed which show beantifal colors and stand a long time. Bot these 
colors are at first seldom developed in their regalar order. When sach a 
phial has been ased for some time, the colors appear with increasing 
regalarity and beanty over the film which Covers the whole side when it is 
held obliqnely ; and as the phials are always ready for ose, they are very 
eonvenient According to Eisenlohr, the colors are exhibited with remark- 
able beanty when a phial thns prepared is fixed to the center of the wheel 
of the whirling machine, and a rapid revolntion imparted to it, after 
forming by agitation a film extending across the phial. 

Very thin films of glass may be formed by heating a glass bnlb and 
blowing it ont saddenly nntil it bnrsts; the fragmcnts will glow with 
the most beantifal colors. Thin films of liqnid poared apon a darker 
liqnid exhibit very beantifal colors : especially the ethereal oils poared 
apon water. 

The best means of viewing these rings in homogeneons light is throagh 
colored glasses. With colored glass, rings may be detected in the 
experiments a and h long before they can be seen with the naked eye. 
The difference in breadth is very perceptible when blne and red glasses 
are interchanged. Bnt the difference is most distinct when one-half of 
the ring is covered with blne and the othcr with red glass. 

[190] Qrimaldi'S experiment. — Make two holes of the diameter 
of a medinm-sized needle, ^ to ^ an inch apart, in a slide of thin metal 
fitting into the heliostat. If a sanbeam be thrown horizontally on these 
holes and the image received on a screen of straw-paper, in a dark room, 
at snch a distance that the two images will cover each other to one-third 
or at most one-half of their extent, a dark border will be perceived on 
that edge of each image which is next the other, while the middle 
of the Space where the two images coincide is lighter than that which 
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is illamined by a Single hole. If one of the holes be corered, the 
dark borders will disappear. The holes may be made in tin-foU pastod 
over a larger apertnre in a board. As glass mirrors always give more 
than one Image, sereral Images of the apertnre will be seen on the screen; 
bnt the main flEtct will, nnder favorable circnmstances, still be distinctly 
yisible. 

[191] Experiments on diffraotion. — The fundamental ex- 
periments on this snbject are the objective exhibition of diffraction bj 
means of a slit, by a eircnlar apertnre, and a thin opaqne body. These 
mnst be shown objectirely in the simplest and most direct manner, thongh 
there are other means of showing the phenomena on a greater scalc. 

For these fundamental experiments snnlight is necessary. Arrange the 
slides, fig. 331 or 832, in the heliostat so as to form a vertical slit» abont 
^ a millimeter wide, through which the ray of light is directed horizontally 
toward a white wall, 15 or 20 feet distant, in a dark room. Abont 5 
feet from this fix a Tertical slit by means of the slides, fig. 378 or 874, or 
the wooden ring on the telescope, to be described presently. When the 
second slit is narrow, the spectra will be distinct and broad enongh to be 
seen by several at onee. The effect of a change in the width of the 
diflfracting sUt may also be shown. 

The second experiment is the diffiraction caosed by an opaqne body. 
Fasten a needle on a stand so that it can be placed in the middle of the 
beam of light Coming throagh the slit in the heliostat The shadow of 
the needle will have colored margins, and similar bands will be perceptible 
within the shadow. The breadth of the colored margins will increase 
with the distance from the wall. 

A third experiment is made with a round hole. For this purpose make 
a hole 2 millimeters in diameter in the heliostat, and in the screen, fig. 
373, a similar one of half the size. Concentric bands will be yisible 
around the Image on the wall, but they will not be so distinct and clear as 
with the slit: the second or third ring will hardly be distinguishable. A 
screen of straw-paper may be advantageously substituted for the white walL 

These phenomena, like those of interference, can be better seen through 
alena 

[192] To observe the phenomena of diffraction with simple light, 
colored glasses and a lens or telescope must be used. The author has 
never succeeded in obtaining lines by throwing simple light upon the 
second slit by a prism placed between the two. The telescope is the 
best means of observing these phenomena; it requires a magnifying 
power of only 8 to 12 times. The telescope of the theodolite is the best» 
and, for measnrements, the only Instrument 
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Fit to the objective end of the telescope a wooden ring B, fig. 379, into 
which a conical wooden coUar C7, shown in section in fig. 380, fits tightlj 
by a washer of leather. This collar has a flange aroand the top to hold 
the disks in which the diffracting apertnres are made. 



Fig, 379. 




Fig. 380. 




The foUowing arrangements are convenient for instraction : — 

(1) A donble slit, as shown in fig. 381. A elender wire is fixed at 

right angles to the bars m n, and the slides h and c arranged so as to fit 

closelj against it, leaving a slit on one or both sides of it at pleasure. 

The slides are about half an inch high, and the sqnare apertare in the 

disk a little less in size. 



Fig, 381. 



Fig. 382. 





2) A graling made by fastening several pieces of knitting-needle over 
a sqnare hole, with Spaces eqnal to their own diameter between them. 
There may be two of these, di£fering in the thickness of the wires. 

(3) A piece of wire ganze fastened in a wooden collar by means of a 
wire ring. 

(4) Several ronnd apertnres, varying in size from 2 millimeters down- 
ward. The smallest ones may be made with a needle in a piece of tin- 
foil pasted to a circnlar disk, fig. 382. 

(5) A slip of tin-foil with two round holes at the distance of their 
diameter from each other, and another with three apertnres similarly 
disposed so as to form an eqnilateral triangle. 

(6) A rhombic apertnre, from 1 to 2 millimeters on a side, and two 
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similar ones with their azes paraUel, and separated by their breadth from 
each other. 

(7) Pieces of bobinet, silk, etc., stretched in larger rings. 

The experiments maj be made either with snnlight or lamplight, bat in 
the latter case all the apertnres most be larger. For snnlight the aper- 
tnres mnst be set verj fine. Onlj snnlight can be nsed for experiments 
with simple red or blue light. 

[193] In making the experiments, arrange the telescope, to which the 
wooden ring B, fig. 379, has been attached, so as to fnmish a distinct 
image of the apertnre throngh which the light is entering at a distance 
of 5 to 10 paces. Insert any of the di£fracting arrangements described 
above, taking care to place the slits and grating parallel to the illnmina- 
ting apertnre. The phenomena of diffraction maj now be seen bj looking 
throngh the telescope withont darkening the room. If snnlight be 
employed, the light which passes throngh the telescope may be canght on 
a white screen in a dark room, and the phenomena exhibited to a whole 
class at once. The double slit and the gratings are well adapted to this 
purpose, becanse they permit the passage of snfficient light to make the 
image very clear. The telescope mnst be drawn ont so as to make a 
distinct image of the apertnre in the blind on the white screen. 

It is well to place OTcr the wooden ring already mentioned a screen of 
pasteboard, from 3 to 6 inches in width, to prevent the interference of the 
rays of light which pass beside the telescope. These rays are caosed by a 
mnltiplicity of Images from the glass mirror of the heliostat 

By monnting the wooden ring B, fig. 379, on a stand, its appendages 
may be nsed in the objective experiments first described (§ 191.) 

If lamp or gas light be employed, place the screen, fig. 373, before the 
lamp, or the chimney, fig. 320, over the gas flame, with a movable slide 
or a round hole at least 2 millimeters in diameter. 

Instead of admitting the light throngh a round hole, it may be reflected 
from a thermometer bulb, a watch-glass blackened on the inside, or a metal 
button ; and instead of a slit, the reflection from a glass tube, blackened 
on the inside with sealing-wax, may be used. These may be viewed 
either throngh the telescope or with the naked eye, throngh the diffracting 
apertnres. In the latter case, the sonrce of light mnst be at the distance 
of distinct vision and the apertnres very small. The simplest way of 
making regulär diffracting apertnres is certainly to cnt them in tin-foil. 
Round apertures are made with a needle, and slits by a Single cut with a 
knife orer a smooth snpport. 

To obserre the simple phenomena of diffraction, one need only lock 
toward the sky throngh the slit between the fingen ; two or three lines 
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will be Tisible, which are eTen slightlj colored. The same effect is pro- 
dnced bj looking with half-closed ejes throngh the eyelashes, or tbrongh a 
piece of silk, at a distant light : e,g. tbroagh a silk umbrella at a distant 
Street lamp, in which case the spectra are tolerablj distinct 

(/.) EZPEBIMEVTS OH THE POLAEIZATIOV OF LIGHT. 

[194] ündulations of polarized light. — The character of the 
nndulations of polarized light is Terj clearly illastrated by the appara- 
tus fig. 383. It consistfl of a twisted wooden cylinder, as shown in the 

Fig, 383. 



ül 
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figare, which is turned by a crank. It must be made of hard and sonnd 
wood, and carefnlly polished. A nambcr of straight wires terminatiDg in 
knobs are passed throngh holes in the frame, so as to move np and down 
when the crank is tarned, and by their motion to represent the wares of 
polarized light 

[195] Folarizmg apparatUS. — The simple^t apparatas of this 
kind consists in a tnbe ABC, fig. 384, which may be made of pasteboard, 
cat away to the middle at B C. It is closed at B and E by diaphragms 
with a central apertare about half an inch in diameter ; the end C closed 
entirely. The diaphragm at JE is placed a little way from the end, as 
Seen in the figure. The whole tnbe is blackened intemally. A small 
block, fig. 385, the lower side ronnded to fit the tube, and making with 
the Upper an angle of 35^ 25' is glned into the part B C. The black- 
ened mirror D, fig. 384, is cemented to the npper side with cobbler's 

15 
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wax. Two shorter tnbes A and E are slipped over the npper eod, the 
inner one glned fast, and the onter made to sapport a blackened minor 
ff between two bars G O', F F', This mirror may 
Fig. 384. either be fixed in grooves at the polarizing angle for 
glass, or fastened to a board made to tarn on an azis. 
This onter tnbe and mirror may be replaced at pleasore 
by a different analyzing apparatns, such as a plate of 
tonrmalin or Iceland spar, etc. The whole apparatns 
may be easily mounted on a stand, as shown in fig. 886. 




The npper mirror of this apparatns cannot be seen conTeniently in 
every position, and when standing vertically it mnst be illnminated by a 
lamp placed on a lower stand. This is not advantageons even for the 
fundamental ezperiment of polarization, and entirely inapplicable to the 
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ezperiments with plates of crystal ; when the apparatos Is inclined, bow- 
ever, the plates will not lie in their proper position on tbe top of the 
tnbe. The most convenient apparatas is that described bj Nörremberg, 
which the experimenter can construct for himself well enongh if not able 
to pnrchase a complete instrament ; for some of the instrnments sold 
ander this name cannot be nsed for all experiments. The apparatas is 
shown in figs. 387 and 388, ^ of the real size. 

Fig, 38t. 



i?^. 888. 





Two cylindrical rods, made either of old, thoroughly seasoned wood, or 
of brass, are fastened into a block of wood. A round or Square mirror C 
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is laid orer paper on this block and fastened with brass bars, or Strips of 
paper pasted around it Two cubes of cork sllding over the rods seire to 
Support the mirror A B, which tums somewhat stifflj on its axis. More 
simply still, the mirror may be fized, withoat a frame, in 
Fig. 389. grooves cut in the corks at an angle of 35® 34' with the 
L perpendicular. Before fixing these corks on the rods, a 
■ cork süpporting a wire bent into a ring at the end, fig. 
9 389, is slid over one of the rods. This wire is designed to 
JL hold a lens, the center of which mnst be in the axis of the 
^ ij Instrument. It is, however, not needed in most experiments. 

S^ AboYe the mirror is a disk of brass, wood, or pasteboard, 
^ supported in a similar manner on two rings of corL 
Binder's board may be strengthened for the purpose by pasting paper 
over it, which should be white above and black beneath. This ring is 
perforated in the middle to receive a second ring, which is shown in fig. 
390. It consists of two pieces pasted togethcr, the 
Fig. 890. lower one smaller than the upper and perforated with a 

smaller aperture. The edge of the upper ring is 
beveled off, which can be done with a file if the paste- 
board is saturated with glue. A circular piece of plate glass is fitted 
loosely into the ring FF. A disk of tin or pasteboard of the same size, 
with a circular aperture in the center about 2 lines in di'ameter, is also 
provided, and both it and the ring blackened. 

Before setting on the upper ring G G, ei wire like fig. 889 is fixed on 
one of the rods in tbe same way. A Shoulder is filed on the ends of the 
rods to receive the ring G G, which is kept in place by rings of corks, or 
glued fast after the adjostment of the apparatus is completed. The 
ring G G\^ covered with white paper above and black below, and snpports 
another ring made exactly as F JP, except that the aperture has the same 
dimensions throughout; into this aperture is fixed a short tube H H. 

The rings E E and G G are divided into eighths, with the zcro in the 
plane of reflection of the mirror. A mark made on the beveled edge of 
the ring F F serves as an index. The analyzing apparatus is set in the 
tube H H, and made to revolve with it around the ray of light 

[196] The principal analyzing apparatus is the second mirror, which 
may be made just as was directed for the other polarizing apparatus. 
The tube which contains it may be made to fit over H K A mark is 
made on the tube which coincides with the mark on H H, when the two 
mirrors are parallel 

Another tube is made to fit in HB, closcd at top by a disk with an 
aperture large enongh to hold one of the tourmalin plates from the appa- 
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ratns to be described presently. A mark is made to indicate the position 
the plate most have when its axis lies in the plane of polarization, and 
the index on / i coincides with zero of the division. In polished crystals 
this Position is readily recognized bj its preventing the passage of light 
polarized by the mirror Ä B, 

Another tnbe contains 8 or 10 plates of very thin glass, set at an angle 
of 35^ 34' with the axis of the tabe. This is most easily accomplished by 
fitting into the tnbe another which is cat off at this angle, laying the 
plates on this and fastening them below by a ring cat at the same angle. 
Bits of Tery thin glass may sometimes be obtained from the dealers in 
glassware, bat they are not often white enongh to allow snfficient light to 
pass throngh 8 or 10 plates. Glass snited to the pnrpose may be obtained 
from an optician. Plates only half an inch in diameter will answer if 
larger ones cannot be had. The tnbe is previonsly blackened on the 
inside and closed at the top, leaving an apertnre a qnarter of an inch in 
diameter. A mark is made on the ontside which coincides with the zero 
when the plates are parallel to the polarizing mirror. A tnbe of this 
kind is represented in fig. 391. 

A foarth tnbe fitting on ^^contains a prism of Iceland 
spar rendered achromatic by means of glass. It is better ^9- ^^^- 
to bny this prism from an optician, for the very facility 
with which it yields to the means employed to grind it 
renders it very difficnlt to do this with exactness. 

Clear rhombohedrons, 15 to 20 millimeters long and 10 
to 15 millimeters broad, are nsed for the pnrpose. The 
section is made throngh the obtnse angles of the rhombohe- 
dron, and the part cat off replaced by a piece of glass of the 
same size and shape. As Iceland spar, which is clear 
enoagh for optical parposes, is rather expensive, the 
crystals shonld be sawed in two with a fine saw, so that both pieces can 
be osed. The snrface is gronnd with the finest emery on a new piece of 
plate glass, and polished with levigatcd crocas on fine feit or canton- 
flannel. The glass mnst be cemented to the spar with colorless Cauada 
baisam, and the fonr sides throngh which the section is n\^de covered with 
black paper. It is well also to cover the other snrface of the crystal with 
a plate of very thin glass, in order to protect it from Scratches. Canada 
baJsam hardens by exposnre to the air; if it is already thick, the pieces 
to be cemented shonld first be warmed. If the baisam is too thick, it 
most be dilnted with rectified spirits of tnrpentine, It requires several 
weeks for the baisam to harden snfficiently to operate fnrther npon the 
crystals. The time reqnired for hardening may be very mnch lessened by 
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dissolving solid Canada baisam in twice its weight of snlphnric ether ; the 
pieces maj theo be used in a few days ; bnt this process does not aoswer 
well for microscopic objecto. 

The prism is fitted accoratelj into a cork of the thickness a h, fig. 392, 
Fia 392 ^^^ ^^^^ inserted in the polarizing apparatns, so that the 
normal line to the crystallographic axis will be nearlj 
verticaL The position of the principal section of the 
crystal mnst be indicated on the oatoide, and this mark 
made to correspond with the mark on the polarizing appa- 
ratus. 
The fundamental experiment in polarization mnst be 
\^ W made by throwing the polarized light on the npper mirror 
of the apparatos, whether it be Nörremberg's or any otber. 
For this pnrpose a candle is placed in a suitable position, and the pnpils 
allowed to watch singly the course of the flame in the mirror while the 
latter is slowly revolved aronnd the axis of the apparatns. The pbe- 
nomena cannot well be exhibited objectively with the mirror, on accoant 
of the constantly varying position of the image on the walls of the room, 
which IS of itoelf safficient to cause the intensity of the light to Tary; 
besides that, whcn snnlight is used, too mach nnpolarized light reaches the 
second mirror and prodnces an illnmination in any position. With any 
other analyzer the experiment may be shown objectively. The acbromatic 
prism of calc spar is best for the pnrpose. A screen, with an apertnre 2 
lines in diameter, mnst be laid on the middle stage of the apparatns. 

ri9t] The tourmalin apparatus.— Fig. 393 shows the whole 

apparatns od a rednced scale, and fig. 394 a single 
plate with its monnting of the natural size. The 
plate, cut parallel to the optical axis of the crystal, 
is set in cork and mounted with a rim of brass 
correspondiDg exactly to ito thickness. The aper- 
tnre a 6 is made so large that it just embraces 
the plate. The cork and the anterior surface of 
the brass frame mnst be blackened. The thickness 
indicated in the figure is sufficient, even for the 
light-green rarieties. Transparent crystals, al- 
thongh more costly, are preferable, because they 
need not be sliced so thin; but the dark yarieties 
polarize more perfectly. In order to make the 
dark crystals transparent enough, they must often 
be sliced as thin as paper. The plates are secured 
from breaking during the grinding by cementing 




Fig. 394. 
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them to plateB of glass. The plates may be connected by a wire, bent as 

in fig. 393, and provided at each end with a ring fitting the monnting. 

Tbe elasticity of hard-drawn brass wire will be safficient to hold the plates 

fast and allow them to be tnrned roand with a certain degree of friction. 

This form of the apparatns is liable to the objection that the tonrmalins 

cannot be bronght into close contact with a thick crystal ; and, moreoTer, 

that being only snpported below, the crystal is 

apt to fall out and be injnred. Besides this, ^9- ^^^' 

tbe tongs are opened by pressure, which is 

awkward, and liable in unskillfnl hands to occa- 

sion damage to the crystal by falling out. Both 

of these objections may be obviated, by setting 

the plates between pointed screws in the ends of 

an elastic brass plate bent into tongs. Fig. 395 

shows one end of this arrangement, and fig. 396 

a section of the monnting, throngh the screws. Fig. 396. 

The tonrmalins are set at right angles to each 

otber. Figs. 397, 398, and 399 show an 

arrangement by which one of the plates may be pig^ 397. 

made to revolve for the sake of Instruction, m^^^^^^^^^^ 

The ring, fig. 398, tums on the points of the I^^^^^^^^B^ 

screws, bnt does not revolve in its own plane ; «. ^qq 

the ring, fig. 397, is made to turn in fig. 398, ^^^^^^sssriamBf 

and into it is screwed fig. 399, in which the ^^^^^^■Lllill^K 

tonrmalin is mounted. 

[198] Cutting Crystals.— The hardness ^^^' ^^^' 

of tonrmalin makes the cutting plates of it a i^JHHHBLb 
difficalt Operation. But as it is often necessary, 

in Btndying the phenomena of polarization, to cut plates of hard stones, it 
is worth while to incur the expense of the necessary arrangements. 

Take a circnlar plate of copper, abont a line in thickness and 2 inches 
in diameter, and through the center of it drive a tapering Square iron axis, 
as in fig. 400. This is either fastened into a chnck on the lathe, or 
worked with a roller and bowstring. The disk must be ground off 
to a thin edge.* A tin trough, like fig. 401, must then be made, 
large enongh to admit the copper plate and embrace abont | of its 
circumference. It should be fixed on a wooden block with the opening 
toward the workman, the copper plate reaching nearly to the bottom of it 
In this trough is placed a thin paste of emery and oil. With a plate of 

* In taming and boring oopper it should be constandj wetted with Boapsuds. 
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this kind, toarmaUns aad other hard minerais maj be cat with great 
rapidity. 
For grinding the plates, cover a block of wood, abont 3 inches in 

Fig, 401. 
Fig. 400. 





diameter, with sheet copper, made like the top of a box, and screw thia on 
the spindle of the lathe. A better and more desirable arrangement is to 
have a disk of the size named forged ont of copper, and a screw soldered 
into it which fits the spindle oi the lathe ; or, more simply still, to deaa 
the surface of the copper, heat it nntil sealing-wax melts on it, and 
cement it to a wooden chnck. 

This copper disk is now to be tnmed to a perfectlj plane snrface with 
a slightly convex edge. Emery is sapplied to this disk by a ring like fig. 
401, and the crystalline plates are gronnd true on its cjlindrical edge, 
making their snrface always a little concave rather than convex, which the 
shape of the wheel facilitates. The plates are cemented with sealing-wax 
to corks in order to handle them more easily. 

When one surface has the proper shape and direction, remoTe the ring, 
fig. 401, and finish on the front of the wheel. The wheel mnst be tnmed 
very slowly and emery applied with a stick ; the crystal shonld be moved 
in epicycloids over the snrface of the wheel, and its snrface constantly 
tested by a steel roler. For polishing, the wheel mnst be carefnlly cleaned 
and finer emery applied, and the final polish is given with the finest emery 
on plate glasa. As the valne of the plate depends entirely on the accaracy 
of the grinding, one mnst not spare labor nor pains. Ineqnalities caonot 
be removed in polishing, nnless the snbstance is quite soft. Toarmalin 
is too hard to be gronnd smooth on hones of any sort, and even qnartz is 
only slightly affected by them; with glass and other softer snbstances 
they facilitate the work very mnch. Such snbstances are polished on the 
polishing wheel described under the article ''pendulum,'' with the aid of 
water and colcothar applied at last nearly dry. 
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Toarmalin usnally oocnrs in prisms, and the optic axis is, as in qaartz, 
parallel to the length. The experiment with crossed and parallel axes 
maj be made with any thia transparent prisms withont cutting them. 

All other hard minerals are cut in the same waj. Softer snbstances 
are gronnd on glass with emerj, or eise on a hone. A fine jellow oil- 
stone (novacnlite) is excellent for fine grinding. Calc spar is apt to 
cmmble when mbbed on a stone or on glass without some cntting powder. 
Snbstances which are solnble in water maj be ronghly gronnd with water, 
bnt the fine grinding mnst be done with oiL The polishing shonld in all 
cases be done at once. All snbstances will bear the application of a more 
or less moist polishing powder, except sngar, which mnst be treated qaite 
drj or slightly moistened with oil. It is best always to polish on the 
lathe, althongh soft snbstances may be polished with ronge and a soft 
linen rag. 

[199] Monntillg thO crystals. — All these crystals are to be set 
in smoothlj pared or filed corks, bnt little thicker than the crystals them- 
selves, and large enongh to project a little way over the edges of the 
tonrmalin tongs. It is a good plan to insert the corks in rings cnt from 
braas tnbing. 

Plates which are very thin and fragile, such as mica and gypsnm, or 
deliquescent or liable to decomposition, such as saltpeter, sngar, carbon- 
ate of lead, etc., shonld be cemented with Canada baisam between two 
plates of thin glass. The same treatment is advantageous for all crystals, 
as it increases their transparency and compensates for ineqnalities in the 
polish. A drop of the baisam is laid npon the glass, the crystal set 
edgewise on it and gradnally pressed down ; another drop is then laid on 
the npper snrface of the crystal and the second glass applied in the same 
way. When the plate is thin, the baisam fills np the space between the 
glasses completely and cements them together ; bnt with thicker plates a 
Strip of paper shoald be pasted aronnd the glasses to hold them, at least 
nntil the baisam hardens. One side of the glass shonld be covered with 
white and the other with black paper, with apertnres of the same size as 
the mineral. The black side is always tnmed toward the observer. The 
name of the snbstance and the position of the optic axis shonld be written 
on the white paper, or the cork setting. 

{g.) EXPESIMEHTS OH DOUBLE BEERACTIOIT. 

[200] Before explaining the laws of donble refraction, the crystalline 
form of calc spar, and the meaning of the terms principal section and 
crystallographic axis, mnst be explained. For this parpose a donble six* 
sided pyramid of wood, abont 4 to 6 inches in length, is needed, and 
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Fig, 403. 



a similar one, with the basal edges trancated, and a rhombohedron 
abont 4 inches Square, with the angles 74° 55' and 105° 5^ Mark 
on this rhombohedron the principal section, and two others parallel to 
it, and likewise two others at right angles to the crystallographical 
azis, and cut throngh them with a ilne saw. Fig. 402 represents 

such a rhombohedron. 
Fig. 402. Paste thick paper on the 

^ — -^ cut faces to fiLl up the cuts, 

and drive in litüe pins to 
hold the parts together. 
Draw npon the principal 
section and those parallel to 
it the direction of the axis, 
and the direction of yibra- 
tion of the ordinarj and 
extraordinary rajs in a 
double reflected raj of light, 
as in fig. 403. 

For experiments with 
calc spar it is onlj necessary 
to have two opposite faces 
clcar and smooth. Doable 
refraction is much more 
difficult to observe in quartz, 
because of the unfavorable 
Position of the faces with 
regard to the axis, and the 
peculiar grooving of the 
mineral, which obscures the 
efifect. It is best to grind and polish all the faces of the crystal, or at 
least two which are not a^jacent nor parallel. A crystal polished in this 
way may be used as a prism, and two spectra, lying very close together, 
produced in a dark room. A prism made of a fragment of Iceland spar 
shows the double refraction yery well in a dark room, the spectra being 
widely separated. 

[201] To show the relative positions of the two Images, lay a crystal 
of Iceland spar on white paper over a black line not so long as the 
distance between the Images, which will depend on the thickness of the 
crystal. The line must be parallel to the principal section of the 
crystal. Several persons may see the phenomena at the same time. Tum 
the crystal with the paper slowly around, so that the principal section 
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will be toward each in tnrn ; he will then see the two lines as one con- 
tinnons line, while in every other positioD one line will gradually revoWe 
aroand the other. 

To show the polarization of the two rays, coyer the polarizing mirror 
of Nörremberg's apparatos with white paper, and lay upon the support 
in the middle a sereen with an aperture only 1 millimeter in diameter, upon 
which place the calc spar. The apertnre in the screen may be larger for 
thieker crystals. but the two Images mnst not even partially cover each 
other. Using the second mirror as an analyzer, when the plane of reflec- 
tion of the mirror is parallel or at right angles to the principal section, 
only one Image of the apertnre in the screen will be visible ; but in every 
other Position two, which will be eqnally bright when the principal section 
makes with the plane of reflection an angle of 45^. 

The same resnlt is obtained by passing polarized light throngh the 
screen, and viewing it throngh a crystal of Iceland spar. Upon this is 
foonded the nse of calc spar as an analyzer, as already described. When 
nnpolarized light is thns viewed, two Images are seen in every position. 

To these experiments may be added that of Huygens, with two rhom- 
bohedrons of calc spar laid one upon the other. One of these rests upon 
a sheet of white paper with black spots, while the other is tomed round, 
so that the principal sections malce snccessively every angle from to 360. 

[202] NichoFs prism fnmishes an excellent means of observing the phe- 
nomena of polarized light. Two of these 
prisms mounted on cork in brass tubes, as 
described for the achromatic prisms of calc 
spar, act like the tonrmalin apparatus in 
allowing light to pass only when their 
principal sections are parallel. They 
possess, moreover, the great advantage of 
transmitting more light, because the ma- 
terial is colorless. The cost of these prisms 
yaries with the size of the field of yiew ; 
they should not be less than 1 centimeter 
on a side. A pair of NichoPs prisms may 
be mounted as seen in fig. 404. The prisms 
with their settings are pushed into the 
elastic coUars m m, until they touch the 
mounting of the crystal which rests in the 
support b b. 

The price of a pair of Nichol's prisms is donble that of the tonrmalin 
tongs. 
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(h.) EZPEBIHEHTS OH THE COLOES OF DOUBLT EEFEACTIHG 
CETSTALS IH POLAEIZED LIGHT. 

[203] Colon Of films.— Films thin enongh for this pnrpose tat 
difficnlt to obtain irom any minerals bat mica and selenite ; the selenita 
from Montmartre answers best. It is necessary to haye one film of con- 
siderable size, so as bj cntting it in two to obtain two films of the same 
thickness. Tbey should be left in the rhombic shape ioto whieh thej 
naturally cleave, in order the more readily to determine the posiUon of 
the axis. 

The films are cemented with Canada baisam between plates of clear 
glass, not OYer an inch in diameter, and inscribed with the color of the 
film. It is difficnlt to grind other minerals parallel to the axis thin 
enongh to show the colors, for eren in qnartz the film mnst be less than ^ 
of a millimeter in thickness. 

It is easy to grind films of selenite into a wedge shape by taking a film, 
^ to I of a millimeter in thickness, laying it flat npon the polishing-wheel and 
pressing strongly on one edge nntil it is gronnd off and the cat sorface is 
about 1 centimeter broad. These films are also covered with glass. To 
obtain broader films, cement a film of selenite, abont 2 centimeters sqnare, 
to a plate of thin glass, and allow the baisam to harden, which will 
reqnire some weeks. Then mb some emery quite fine with one piece of 
glass npon another, and on this grind the selenite and polish on the wheeL 

[204] The experiments may be made with Nörremberg's apparatos, nsing 
the mirror as an analyzer. The films are laid on the middle stage in sach 
a Position as to show the colors best, and the npper mirror is revolred 
around the polarized ray. The colors seen in gypsum, when the mirron 
are at right angles to each other, are complementaiy to those seen with 
the mirrors parallel. The middle stage mnst be movable, to accommodate 
the Position of the films to short-sighted persons. 

Films of variable thickness exhibit mingled colors: when they are 
wedge shaped, they show Newton's rings, and in homogeneous light, 
alternate light and dark bands. This is the best means of stndying the 
snccession of colors in Newton's rings. If the film of selenite be not acote 
enongh to make the colored bands tolerably wide, fix a lens in the ring 
between the npper and lower stage, at the right distance from the film for 
distinct vision. This aids very mnch also in determining, by means of 
a nniform film laid over a wedge-shaped one with the axis crossed, which 
colors of the latter are absorbed by the former, in order to ascertain to 
what order the color of the former belongs. This investigation is also 
facilitated by laying the nniform film over the other in snch a way that a 
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portion of the latter shall project over the former. A stripe of the color 
of the nniform film will theo correspond on the UDCOvered portion to 
the spot which appears black in the coTered space. The snccession of the 
colors is, according to Newton, as foUows: — black: (1) blue, white, 
yellow, red ; (2) violet, blae, green, yellow, red ; (3) purple, blue, green, 
yellow, red ; (4) green, red ; (5) blue, red ; (6) blue, red ; (7) blue, red. 

[205] When the films are laid upon each other so that the correspond- 
ing planes of oscillation coincide, the color is that of a film equal in 
thickness to the sum of both ; when the planes of oscillation cross each 
other, the color is that of a film equal to the difference of both. This 
fnmishes the means of distinguishing the different planes of oscillation 
already determined by the total disappearance of color. The correspond- 
ing planes in all the films should be marked on the mounting. When the 
achromatic prism of Iceland spar is used as an analyzer, thin films appear 
double, the colors of the two being complementary. As the prism is 
tumed, the colors change, and when the two Images cover each other, 
they appear white. This is a good way of ascertaining the right position 
of the prism in the tube, the spot not appearing white unless both images 
are equally bright. When this is not the case, the prism must be moved. 

The effect of a Nichol's prism is the same as that of the mirror. 

The experiments may eyen be made by laying the films on a table near 
the Window, and looking at them obliquely through an analyzer. 

[206] Colored rings in orystalline plates, cut perpendicular 

to the axis. — Calc spar Stands before all other substances. A very small 
rhombohedroQ is sufficient, and it facilitates the grinding yery much to 
cleave it into a regulär shape, leaving the three edges which form the obtuse 
angle equally long. It must be ground by very gentle pressure with emery 
on a glass plate, as the corners are apt to break off. The phenomena can 
be observed very well when the triangulär face is not over 5 millimeters 
on a side ; but the thickness must not exceed 1^ lines, otherwise the rings 
have too small a diameter. 

The colors are usually observed throii!j:h the tourmalb tongs, by laying 
the crystal between the plates. The er) sital nbanld be raonnted, for pro- 
tection, in cork a little thicker than it.self, The apparatuä must be beld 
close to the eye, toward the clear sky. Thö oxperimeiiifi wIth homogene- 
ous light may be made either with colored glusses, or by the flame af £i 
spirit-lamp colored with common salt. ^ 

Sulphate of nickel has a cleavagt^ ])erpend[eular to the b.x% which 
makes it easy to obtain plates suitable Iöt tbb porpose. If the dearage 
faces are not quite even, they may easily be made so on the pcUabIng- 
wheel, which must not be yery moist. 



Digitized by 



Googk 



238 



PHTSICAL EXPERIMENTATION. 




The rings maj be seen yery well in plates of ice an inch thiek, held in 
the tonrmalin tongs. 

[207] The phenomena may be shown objectively very beautifolly by plac- 
ing the crystals between the toannalin tongs, or two of Nichol's prisms in the 
focQS of the illnminating glass of the solar microscope, withont any mag- 
nifying glass, and catching the Image on a white screen. To avoid holding 
the tonrmalins, a wooden block may be fitted into the tnbe m m, fig. 363, 
with a slit in the side to receive the tongs and a spring to hold them. 

Fig. 405 exhibita this 
Fig. 405. arrangement To see the 

f^ •"jgl^gjMM^^:^ — — "^ 'i^^^K ^^^fS^ ^^ ^6 ordinary polar- 
r ^^^^BaS- =— — ''^ ^J izing apparatns, the crys- 

tals mast be plaeed in im- 
mediate jnxtaposition with 
the analyzer. This can 
be done with the prisms 
bat not with the mirror. 
In the latter case the rings 
may be obscrved by laying 
a lens of 1 to 1^ inches focal distance npon the middle stagc of the polar- 
izing apparatns, fixing the crystal in a ring above this at the focal 
distance or a little less, and a second lens in the tnbe H H, fig. 391, at 
exactly its focal distance from the crystal. The rings can be seen, bat 
less distinctly, with the latter lens alone. 

[208] Among the biaxial orystals, whose axes make so small an 
angle that one can look parallel to both axes in a plate cnt perpendlcnkr 
to the meridian line, saltpeter is the only one generally accessible. It is 
not difficnlt to find glassy crystals of snfficient thickness adhering to the 
sides of larger crystals, which are nsnally poroos in the center. They 
jfV^. 406. ™&7 he gronnd on a hone or on gronnd 

glass, polished as nsnal, and then cement- 
ed between glass. A thickness of 1^ to 
2 lines is necessary in order to exhibit 4 
or 5 closed carves aronnd each axis. 

Among the crystals whose axes make 
a considerable angle with each other, 
selenite, sngar and Chromate of potash are 
most easily had. Selenite occnrs in prisms 
or plates of tolerable thickness and pority. 
Besides the principal clearage parallel to 
the optic axis, there are two others, m m and n n, fig. 406, which give the 
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plates s rhombic shape. If one of these plates be placed between the 
toarmalinB, with their azes crossed, and tnnied to one of the two opposite 
poBitioDB in which no light is transmitted, the azes of the toonnalins will 
correspondto the two lines a a, bb on the selenite, and one of these will 
make with one of the directions of cleavage an angle of 16°. This line 
biiectB the angle of -60° which the optie azes of the selenite v v and w w 
make with each other, rendering it easy to mark their position on the 
plate. Saw oat a plate of selenite, 2 or 3 lines sqaare, perpendicalar to 
one of the azes and to the plane of both, wrap it aroand with strong 
wazed thread to prerent it ftrom Splitting, and grind and polish it. The 
thickest plates need not ezeeed 1 line in thickness. Splitting may also be 
prevented by cementing the plate with Canada baisam to glass. 

Sngar crystallizes in prisms terminated by two sloping faces. The 
cleavage bisects the angle formed by these faces. The cleavage faces are 
not smooth enongh withont being polished. The rock-candy of the shops 
famishes crystals of snfficient pnrity. They mast be protected by glass 
ftrom the action of the air. 

Chromate of potash cleayes readily parallel to the broad face of the 
prism, and one of the optic azes is nearly perpendicnlar to this plane. 
If snccessfhl in Splitting a smooth plate, ^ to ^ line in thickness, it may be 
nsed directly, if it is only a few lines sqnare. If a snitable piece cannot 
be obtained by Splitting, it mnst be cnt with a knife and polished.'^ 

[209] The bands in crystalline plates cnt parallel to the azis can be 
best Seen by the flame of a spirit-lamp colored with salt, in a dark room. 
Plates of calc spar, 1 line thick, show the hyperbolas yery distinctiy, 
althongh the lines are fine ; qnartz crystals may be mach thicker. Crystals 
as thick as one's thnmb show tolerably distinct lines, if two opposite faces 
be polished. All the lines are apt to be irregulär, on acconnt of ineqnali- 
ties in the stmctnre of the crystaL Plates of selenite, 2 to 3 lines thick, 
ezhibit the lines most beantifally. 

[210] Circular polainzation.— We need for this, besides plates 
of qnartz cnt perpendicalar to the azis, and 1 to 3 millimeters and np- 
wards in thickness, and the monochromatic plates of gypsnm already 
mentioned, yery thin films of mica, which will scarcely lose their white 
color by the rotation of the mirror of the polariscope. FresnePs parallelo* 
pipeds mnst be pnrchased, if desired, from an optician ; bat they are not 
necessary to show the principal facts. 

* To effeet the clesTage of a cryatal, lay a knife edge on the orystal, parallel to 
the direction of deaVage, and strike a smart blow with a small steel hammer. If the 
erystal is yery hard, it should be laid on a plate of steel. 
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Fig. m. 



Whether a crystal of qaartz polarizes to the right or left, may be 
determined by the secondary trapeziform faces, which replace the corners 
of the prism and the pyramid. Holding the Tertex npward, if the crystal 
rotates to the right, these faces are directed downward and from left to 
nght, and vice yersa. The spirals seen by yiewing together a right and 
a left rotatuig plate of the same thickness throngh the tonrmalins, 
can be ezhibited objectively in the manner decribed in § 207. 

[211] Ciroular polarization in liquids. — Take a glas« tnbe, 
abont half an inch in diameter and as long as the polariscope will admit, 
grind one end smooth and cement to it with sealing-waz a ronnd piece of 
plate glass, fitting into the lower stage of the instrnment Solntions of 
gnm and sngar serve best for ilUnstration : the former rotates right, the 
latter left The tnbe and the projecting edge of the 
glass plate most be blackened. The depth of the liqnid 
in the tnbe may be measnred by a gradnated rod. 

To adapt the tnbe to any kind of liqnid, the glass 
plate mnst be gronnd more accnrately and kept in place 
by a brass coUar and cap, as seen in fig. 407. 

[212] Polarization in tinannealed and 

pressed glass« — Any fragment of nnannealed glass 
will answer the purpose ; bits of Bologna flasks gronnd and polished do 
well Or take a piece of plate glass, abont an inch sqnare, fix it in a 

sling of wire and heat it 
Fig. 408. gradnally red hot over a coal 

fire, and leaye it to cool in 
the air. To show the phe- 
nomena in pressed glass, make 
a stont brass frame, snch as 
is shown in fig. 408 in natural 
size. A moderate pressure 
with the screw is sufiBcient 
to impart the power of polar- 
ization to a plate of glass. 
All these phenomena are seen 
to most adyantage when the pieces of glass are laid on the lower hori- 
zontal mirror of Nörremberg's apparatns. 
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CHAPTER V. 

EXPERIMENTS ON MAGNETISM. 

[213] Treatment of iron and steel for magnetio ex- 

perunents. — Take good charcoal iron, forge it into the proper shape, 
and, after coating it with clay, beat it to redness. It becomes still softer 
if left to cool amoDg the coals. Artificial magnets are made of the best 
English or German cast-steel, which may be had in almost anj desired 
shape. It must not be raised above a dall-red heat, nor kept long eyen 
at this temperature. After forging it into the desired shape, finish it 
with a file. Great carc is necessaiy in forging cast-steel ; it must never be 
heated aboye a dark cherrj red, nor must it be hammered cold. 

In tempering the bar it mast be held npright, and, if it be in the shape 
of a horseshoe, both poles mnst be plunged in together. This is the only 
way to preyent it from warping. The scale of oxide usnally ifalls off in 
tempering, bnt the steel may be hard althongh this does not occnr. It 
should be so hard as not to be attacked by the best files. 

In this condition the steel is so brittle as to break to pieces ^9- ^0^* 
if it shonld fall on the floor. In order to preyent this, it mnst 
be polished and slowly tempered to a straw-yellow, oyer a 
bright charcoal fire. The fire may be fanned, bnt not blown 
with a bellows, which makes an irregulär heat. When 
the steel attains its straw>yellow color, it mnst be quenched in cold water. 

If the steel has warped in cooling, so as to be nseless, it must be tem- 
pered blue. It loses thereby a part of its coercive force, bat can be used 
for many purposes, and may be hammered into shape witli a sharp-edged 
hammer, like fig. 409. The bar mnst be laid on the anvil and the blows 
strack close together on the concaye side. With a little care, this may 
be done eyen when it is tempered yellow. 

The north pole should be marked by a stroke with a file, or a letter N 
stamped npon it, before the steel is tempered. It may, howeyer, be 
etched in with acid afterwards. 

[214] Form of the magnets. — Bar magnets should be only 
about one-third or one-fonrth as thick as theyare broad, and not oyer 
a foot long. Horseshoe magnets are made somewhat longer, each limb 
being often a foot in length, and 1^ to 2 inches in breadth. The polos of 

16 (241) 



JL- t-y. "XV if. 



Digitized by 



Googk 



242 



PHYSICAL EXPBBIMENTATION. 



these magnetB, whether thej have the shape of a horseshoe, as in fig. 410, 
or straighter, as in fig. 411, sbonld not be more than the breadth of the 



Fig. 410. 



Fig. 411. 



Fig. 412. 





bar fh)m each other. Bars which are mach 
curved are difficult to magnetize, and yery apt 
to warp in tempering. It is best to haye large 
Steel bars tempered bj a file-cntter. 
[215] Magnetio magazines.— Power- 

fnl magnets are made by combining several bars 
in one. The middle bar is sometimes made 
longer than the rest, fig. 412, bat it is better to 
hare them all of the same length. Each bar is magnetized separatelj, 
and the whole bonnd together by brass bands or screws. It is of no 
advantage to separate them by strips of brass, as is sometimes done. If 
the bars are warped and cannot well be straightened withont softening 
them, it is well to separate them, ander the bands or screws, by a thin 
plate, in order to compensate for the irregnlarity. 
Straight bars may be combined either by simple brass bands, or by caps 




Fig. 418. 



Fig. 414. 



ftirti 



of soft iron screwed OTcr their ends. A 
simple plan is to bind them ap tightly 
with brass wire, and drire little wedges 
of brass between them at proper places. 
Fig. 413 represents a cap for bars of 
eqnal, and fig. 414 one for bars of aneqnal length. The binding sci^ws 
are made of brass, because screws of strongly magnetized iron are anpleas- 
ant to drive. These caps are called the armatnre of the magnet They 
may be attached also to horseshoe magnets, bat they mnst be very care- 
folly fitted on. 

[216] Freservation of magnets.— The polesofboth horseshoe 
and bar magnets mnst be connected by soft iron, in order to preserve 
their power. Straight bars are armed by laying them parallel, at a little 
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distance apart, with the opposite poles next each other, and joining the 
two ends, as in fig. 415. For horseshoe magnets, this piece of iron is 
called the anchor, and is nsnally famished with a hook, j^^. 415. 
to which weights may be attached. Fig. 412 represents 
a horseshoe magnet with its anchor. The anchor is 
Bometimes made with a slightly convex face, bnt an even 
snrfiEu^e seems to be better. The anchor mnst be com- 
paratiyely thick, so that when attached, its lower side 
will have yery little attractire power. It is not neces- 
sarj to keep the anchor of the magnet always loaded 
with weights in order to preserve it in good condition. 
Rnst does not diminish the power of a magnet, except 
by preyenting the close contact of the anchor. To keep them from rnst- 
ing, they may be rabbed with a greasy rag affcer being nsed. Magnets 
sbonld be gnarded from blows or concossions, and not mbbed with any 
bard snbstance, especially with iron, nor laid npon iron. Heat is still 
more injnrions to the power of a magnet; eyen a temperatnre of 40^ C. 
has a perceptible eifect 
[217] Armature of natural magnets« — The posltion of the 

poles is ascertained by rolling the loadstone in iron filings, and two 
parallel faces cnt perpendicnlar to the axis. The other sides of the 
magnet are also cnt, so as to giye it somewhat the shape of a parallel- 
opipedon. Oyer the poles are laid two iron plates, figs. 416 and 417, 
the size of the face, bent oyer at the top, and terminating below in pro- 
jections p. The nnder snrfaces of these projections mnst lie in the same 



Mg. 416. 



Fig, 411 





straight line. The magnet is supported by Shoulders on these projections. 
These two plates are connected by brass bands, and an anchor laid on the 
two ends. The magnet may be hnng np by a ring attached to a cross- 
piece of iron, as shown in figs. 418 and 419. 
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The power of natoral magnets may be increased by laying them between 
the poles of a powerful electro-magact. 

[218] MagnetiC needles. — There shoald be several of these, of 
varioas lengths and different degrees of sensitiveness. The only diffi- 
calty in making them is in saspending them on pivots. It is yery easy to 
snspend the needle by a cocoon-fibre, and corer it with a glass ease, bat 
this arrangement does not answer for most purposes. Delicate needles 
shoald be sapported on pivots turning in caps of agate ; and as the mann- 
facture of these is difficult, it is better to buy the needles ready made, or 
at least the agate caps, which are not yery expensive. 

To set an agate cap in a needle, fix a piece of stoat brass wire to a 
chack on the lathe, bore in it a hole, a little smaller than the hole in the 
needle, and deeper than the thickness of the cap and needle together. 
Enlarge this hole to the depth of a millimeter, just safficiently to admit of 
the cap being forced into it, and turn the brass off thin to the same depth 
on the oatside. Set in the cap, and press the brass tightly down npon it 
with a bumisher. Fig. 420 represents an enlarged section of the wire 
and cap. Next, tnm off the wire to jast the size of the hole in the needle. 
If the needle is of the shape represented in fig. 427, the apex of the 
conical cavity need not be mach above the needle ; bat if it be thin, like 
fig. 425, the cavity mast project 1 or 2 millimeters. In the latter case it is 
well to make a little shoalder on the brass ring, as shown in fig. 421. 

Fig. 420. 

Fig. 421. Fig. 422. Fig, 423. 





After catting off the wire, fix the cap in a block and widen the hole a 
little below, as seen in fig. 422. If the cap be too large to pass throogh 
the hole in the needle with its brass collar, the wire mast be tamed off, as 
represented in fig. 423, inserted from above, and fastened by driving a 
conical steel panch into the hole below. Glass caps answer tolerably 
well. A saitable piece of glass may be cnt oat of a thick plate, by means 
of a copper ring (§ 15,) and the conical cavity drilled with a three- 
comered file and spirits of tarpentine. It mast afterwards be groand 
smooth with fine emery on wood, and polished with roage. The cavity 
may be bored after the glass is set in brass. 

Where great delicacy is not reqaired, which is most freqaently the case, 
s very simple contrivance answers the parpose. Bend a strip of brass, 
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abont a line in width, fig. 424, orer the hole in the needle, and 
make a litüe depression in it with a steel pnnch. TMS is both simpler 
and better than to drill ont a cap of brass or steel. A similar pfg, 424. 
depression made in the needle itself, while lying on a plate of ^^ 
lead, will insnre snfficient stabilitj and mobility. \ 

The needles may be made of Tarions sbapes, as represented in figs. 425, 
426, and 427. The first two are made of watch-spring, the last of bar 

Fig. 425. 



Fig. 426. 



Fig. 42T. 



steel. The hole in the center is made to receiye the cap. Thej mnst be 
cleaned and polished before tempering. In tempering, the needles shonld 
be laid on a sheet of iron, or fastened to a wire, instead of being held in 
the tongs, which prevents their being nniformly heated. The sonth end 
of the needle may either be made hearier than the north end, or loaded 
with a Strip of brass, like fig. 424, made to slide npon it 

Fine sewing needles answer very well in most cases. They may be 
fastened into a base of wood or brass. For yery delicate magnetic needles, 
the snpport mnst be made of steeL File a piece of steel sharp, and screw 
CT rivet the blant end into a brass foot ; fasten this on a lathe, and sharpen 
the point with a fine file moistened with oil, tnrning meanwhile very 
rapidly, and moving the file back and forth. The point of the needle is 
nezt hardened and afterwards polished with a fine whet- 
atone on the lathe. The point mnst appear sharp when 
examined with a lens. The snpport need not, generally, 
be very high. Fig. 428 represents one of natural size. 

[219] The COmpaSS. — For many ezperiments in 
magnetism and electricity, a compass, that is, a delicate 
magnetic needle moying over a gradnated circle, and 
protected by a glass case, is indispensable. For 
Weber's experiments, the needle mnst not be OTer 1 or 
2 inches in length. With so small a diameter the divisions of the arc 
cannot be made less than 2 degrees, and even with the greatest care, the 
errors mnst be very great It is better, therefore, in this case, to &sten a 



Fig. 428. 
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thin thread of black glafls to each end of the needle, parallel to the azia 
The form represented in fig. 427 is well adapted to thiB parpose by fiüng 
a groore in the back, as represented in enlarged section in fig. 429. The 
circle may now be made 4 inches in diameter, and a greater 
Fig. 429. (jegree of accuracj be attained, even by hand-dlTision, than ia 

Ipossible with a smaller circle on the gradaating maehine. If 
the circle be made on paper, it shonld first be pasted on a boaid, 
abont ^ an inch thick, and then graduated. The pivot npon 
which the needle tnms mnst not project mnch aboTe the board, and even 
then a large error of parallaz may occnr in reading off. This is best 
aroided by excayating the inner sniface of the circle, and inserting in it a 
mirror : the point where the glass thread and its image coincide, will gire 
the tme reading. A narrow ring of pasteboard, pasted aronnd a circnlar 
plate of glass, may serve as a case for the Instrument The needle shonld 
be taken off its sapport when not in nse. If the board is in the shape 
of a parallelogram, and the median line of the gradnation parallel to one 
of the sides, the compass will serre for the approzimate determination of 
the declination or of the geographical meridian. 

To preserve the pivot of a compass from injnry, the needle mnst be 
raised from it whenever it is not in nse. An arrangement is nsnally made 
to effect this withont lifting the glass cover. In fig. 430 h ac represents 

Fig. 430. 



a bent brass lerer, terminating at both ends in a perforated disk. It rests 
at a in a little cayity in the base of the compass. By pressing the screw 
e, the end h raises the needle against the glass case coyer of the compass; 
when the screw is loosened, the leyer sinks by its own weight 

To test the delicacy of a magnetic needle, set it in yibration by bringmg 
near it a piece of iron. Its position on the gradnated circle may be 
accnrately noted, and a piece of iron bronght near, so as to draw it a little 
to one side ; when the iron is slowly withdrawn, the needle mnst retnm 
ezactly to its former position. 

Instead of snpporting the needle on a piyot, it may, for many pnrposes, 
be snspended by a cocoon fiber, as represented in fig. 431. The needle is 
thns made yery sensitive, bnt cannot be nsed to show the effect of a second 
magnet npon it, becanse the attraction of the magnet draws it ont of the 
Center of the gradnation.* 

* It may be remarked, by tbe way, that the magnetio needle mnst not be obeeired 
through Steel spectaolee. 
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[380] Hagnetizillg. — At the present day large Bteel magnets are 
aeldom or never ased ; in place of them we bare electro-magnets, which 
cao be made of anj degree of power 
required. These electro-magneta ^9- *31. 

enable os to magnetize to Saturation 
the largest bars of steel, by a yery 
simple process. The many methods 
which have been deyised for making 
strong magnets from weak ones 
are therefore of little importance to 
ii8y the so-called Single and donble 
toach and Hoifer's method answer- 
ing every pnrpose. 

[221] The Single touoh.— 

Tbe simplest method of performing 
Ulis, is to stroke the end intended 
for the north pole on each side 
abont 10 ümes with the sonth pole 
of a magnet, beginning in the mid- 
dle and bringing the magnet back 
in a cnrve throngh the air. The 

same process is repeated with the north pole, on the other end. From 
10 to 20 strokes will give all the power which the magnet is capable of 
impardng. The new magnet may be fastened to the table, by a piece of 
iron in the center, which will have a tendency to determine the neutral 
point to this Position. The magnetism is stronger and more nniformly 
distribnted, by setting the opposite ends of two eqnally strong magnets 
apon the center of the bar, so as to make an angle of 80^ with each other, 
and drawing them slowly asnnder, preserring the same inclination. In this 
case also the magnets mnst be retnmed to the starting- point throngh the 
air. The end which is tonched with the north pole becomes the sonth 
pole. This method is better than any other for making magnetic needles 
or bars to be nsed in measnrements. A horseshoe bar is treated in the 
same way, only the anchor is placed on it when it is tonched with two 
magnets at oncc, or with both limbs of another horseshoe magnet. The 
anchor is held fast, and the pole 

of the tonching magnet carried ^' ^^^ 

OYcr it When a straight bar 
is tonched with a horseshoe mag- 
net, the snrface of the latter mnst 
be held perpendicular to the bar. 
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A bar treated in this way becomes still stronger by placing it between 
the opposite poles (//^ fig. 432,) of two powerfal magnets. The bar 
most be supported by a wooden block l. 

[222] The double tOUCh. — This method consists in laying the 
two poles of a horseshoe magnet, or two equally strong bare, together npon 
the middle of the bar to be magnetized, and moving them slowly back and 
forward 10 or 20 times over its whole length; this is repeated on both 
sides of the bar. The motion most cease in the middle of the bar, so that 
each end shall receive an eqaal nnmber of strokes. If a horeeshoe magnet 
be used for this parpose, its two poles must be very close together, other- 
wise it almost inevitably prodnces snccession points. If two bar magnets 

be used, their poles may be 
Fig. 433. brought very near together, 

but shonld be kept from actnal 
contact by a bit of wood (2, 
fig. 433, ) placed between them. 
The magnets are held at an 
aDgle of 15 to 20^ with a bar. 
In this case, as in the other, the effect is considerably increased by laying 
the ends of the bar on two strong magnets. The tonching poles mnst be 
the same as those of the snpporting magnets next them respectively ; the 
poles of the new magnet will be the opposite of those npon which they 
rest. In magnetizing a horseshoe bar, it is an advantage to attach the 
anchor, the magnet being stronger even after this is removed. 

[223] Hoffer's method of the donble toach consists in placing an 
anchor before the horeeshoe bar to be magnetized, and passing ovev it the 
two poles of a horeeshoe magnet, either from the end toward the carre 
or in the contrary direction, as represented in figs. 434 and 435. In the 




Fig. 484. 



Fig. 485. 





firet case, the poles of the new magnet will be the same as the indacing 
magnet ; in the latter, they will be the contrary. The indacing magnet 
mnst, of coaree, be of the same width as the other. By this method a 
maximnm effect can be prodaced in ten strokes, and it is one of the best 
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knowD. Bars can be magnetized in the same way by laying them 
parallel, with an armatare at each end. If the indacing magnet be heavy, 
to avoid the labor of moving it, it may be clamped to a table with its ends 
projecting, as seen in fig. 436, and the bar carried over it With electro- 
magnets the condnctors render this arrangement necessary. 

Fig, 436. 




[224] Large magnets hare always less power, in proportion to their 
weight. According to Hacker, if M be the weight sopported, and p the 
weight of the magnet, M= a i^]p\ in which a is a constant factor, yarying 
with the qnality and temper of the steel. Hacker fonnd this factor in some 
cases eqnal to 39/(j, which may be considered very satisfactory, though it 
has been exceeded in a few instances. This gives ns an easy mcthod of 
testing and comparing the strength of magnets. The experiment may be 
made, by laying snccessively small weights (coarse shot for instance) in a 
pan attached to the armatare of the magnet. The point of attachment 
mnst be so adjnsted that the armatare will part at the same time on both 
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sides. Of conne, the contact 8Qrfiu:e of the armatare mnst be horizontal 
Thls method, howe7er, does not gi7e ezact resnlts. The onlj good 
method of testing the qnality of magnetic needles and bars is by oscillation. 
The bars may be sospended for the pnrpose in a brass stiimp, bj a thread 
of nnwronght silk. According to Hacker, if T be the time of one 
oscillation in seconds, p the weight, and a the length of the magnet» 
T^ c ^p i/üf in which c eqnals 2 ^fy, p being expressed in Bavarian 
lothsi and a in Paris inches. To show the attraction and repnlsion of 

magnets, snspend the bar magnet, abont 6 or 
Jfig. 4ö7. g inches in length, in a stirmp of paper or 

brass, by several threads of nnwronght silk, 
\ as shown in fig. 437. To make the same 

experiment with a natural magnet, fasten 

a ribbon aronnd its middle and snspend 

it in the same way. 

[225] Distribution of magnet- 

ism. — For these experiments we need 
clean, fine iron filings, and a number of 
small bars of soft iron, from ^ to 2 inches in length and of varions 
thicknesses. These may be made of good iron wire, their ends filed 
ronnd and well annealed. 

(a) Magnetic curvea. Sift fine iron filings npon a plate of glass or a 
sheet of stiff paper, nnder which a magnetic bar is held ; a few gentle taps 
of the finger will cause the iron filings to arrange themselves in cnrves. 
The same process senres to show the succession points in a magnetic bar. 

Magnetic bars with snccession points are prodaced with most certainty 
by means of a powerfnl horseshoe magnet and the donble tonch. 

(6) A magnet bronght near two needles, snspended near each other by 
silk threads, causes a mntnal repnlsion. 

(c) Dip the similar poles of two magnets in iron filings and bring them 
close together, the projecüng filaments of iron filings will repel each 
other; but if the opposite poles be taken, the filaments will interlock, like 
the arms of a polyp aronnd its prey. 

[226] Iron exposed to the indncti7e influence of a magnet while red 
hot, and snddenly cooled, remains magnetic. This is most easily shown 
with iron filings and a horseshoe magnet A thick bnnch of the iron 
filings may be taken np between the poles of the magnet; reduce this to 
about the breadth of a finger and half that thickness. Heat this with a 
spirit-lamp and a blow-pipe, and cool it snddenly. The middle portion 
will cohere, and will be fonnd to hare the properties of a magnet. A 
powerfnl electro-magnet answers best for this purpose. 
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[237] DeoUnatton Of the needle.—- in order to giye a distinct 
idea of the direetion of a magnetic needle, it is well to designate the 
meridian in the lectore room by means of plammets. Eor this pnrpose, 
fiieten to the ceiling three finn iron hooks, upon which the plammets may 
be Buspended, with a sharp incision in each, to designate the position of 
the thread. Balls of lead may be nsed for the plammets. Place a long 
sensitive needle on a rectangnlar board, and divide the circle by band, so 
that the diameter firom which the gradaation begins shall be parallel to 
the side of the rectangle. This diameter can be easily fized in the line 
of the astironomical meridian, and the declination determined approximately 
in degrees. The simplest mode of determining the meridian depends 
apon the sitnation of the room, and therefore no general directions can 
be given for it 

[228] Dip of the needle. — ^The following ezperiment is instrnc- 
ti7e as preparatory to the ezplanation of the dip of the needle : Lay a 
bar magnet, abont a foot long, on the table, and balance a bit of magnet- 
Ized knitting-needle on a fine thread. If the needle be carried back and 
forth over the bar, it will stand horizontal over the middle, while toward 
either end the opposite pole will dip downward. The best mode of 
snspending the needle is by passing it throngh a cork, and balancing it on 
an axis snpported on wire hooks, a;s shown in fig. 438. Neither the 
declination nor the dip need be de- _, .»g Fig, 439. 

termined accarately for pnrposes of ^* • 

illostration; for measnring the latter 
approximately, we may nse a mag- 
netic needle, 5 or 6 inches in length, 
with an azis pointed, and fomished 
with screw threads on both sides, 
fig. 440. The axis passes looeely 
throngh the hole in the needle, and 
IS fastened by two nnts, a and &. 
The axis mnst be a^jnsted accn- 
rately in the center of gravity of . . 

the needle, after screwing the nnts / \ ^' * 

moderately tight. The needle is 
fixed on a snpport like fig. 439, 
which consists of a brass fork fast- 
ened in a wooden base. Fig. 441 
shows the npper end of natural size. 
The inner snperior edge of each side of the fork is filed out cylindrically, 
and polished with emery, so that only the points of the steel axis will rest 
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Fig, 441. 



apon these sorfaces. The plane of rotation of the needle mast be made 
to coincide with the magnetic meridian. As it can be no longer shown, 
Fig. 442. ^^^ the needle is once magnet- 

ized, that it was preWooslj in 
eqnilibrianiy the poles mnst be 
reversed, to show that the norUi 
pole will always dip toward tiie 
earth. 

The needle may also be sna- 
pended in the manner seen in 
fig. 442. The axis is snpported 
by two Steel screws, like fig. 443, 
each of which has a llttle conical 
cavity in the end. This appa- 
ratns assnmes of itself the direc- 
tiou of the magnetic meridian, 
but mnst be very earefhlly con- 
stmcted. 

The simplest apparatos is 
the one in fig. 438, already de- 
scribed. Thmst a bit of nnmagnetic knitting-needle throngh the cork so 
that it will rest in a horizontal position, then cnt away the cork below, 
or stick was on it above, so as to throw the center of gravity in the azis. 
The needle may then be magnetized and its poles reversed at pleasnre. 

[229] Influence of terrestrial magnetism on iron.— This 

may be shown by means of a delicate magnetic needle, and a bar of soft 
iron, 3 or 4 feet in length, which mnst be well heated, and nsed for no 
other pnrpose, becanse any mechanical action npon iron gi7e8 it some 
retentive power for magnetism. Hold the bar In the direction of the 
dipping needle, and bring a small sensitive needle altemately near the 
Upper and the lower end. The poles are reversed by inverting the bar. 
Hammering it while under the indnctive inflnence of the earth will impart 
to it a degree of permanent magnetism. 
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CHAPTBR VI. 

BXPERTM1CNT8 ON ELEOIRIOITT. 

(o.) OEHEBAL BEKABKS AHS MAVAGEMEVT OF SLECTEO- 
METEBS AWD THE ELECTBICAL MACHIEE. 

[230] Eider pitlL— This is obtained in the winter from the year- 
old shoots of eider, bj carefnlly Splitting off the wood with a good knife. 
The pith maj also be foreed out with a stick, bat it remains somewhat 
compressed. It is cat into little balls with a sharp knife, and afterwards 
rolled between the hands, carefnlly avoiding any pressnre. The pith of 
the snnflower is still lighter, and may be managed in the same way. 

[231] Silk. — Silk varies in valne for electrical pnrposes, especially 
those sorts which are dyed with metallic colors, snch as Pmssian blne. 
It is easy to ascertain whether or not the silk insnlates, by attachlng two 
pith balls to the end of a silk thread, 8 or 10 inches long, hang on a wire, 
and imparting the same kind of electricity to both ; they onght, in a heated 
room in the winter, to approach each other very slowly. In nsing silk 
cord, care mnst be taken that it has not a coro of cotton, which is almost 
always the case. 

[232] GlaSS« — ^The condncting power of glass varies very mach. 
Common green glass (not white glass colored green by copper or chro- 
miam) generally insnlates best Some sorts of white glass also, the 
Bohemian among others, are good insnlators. Its insnlating properties 
may easily be tested, by attaching to it pith balls by fine linen threads, 
and imparting to them electricity ; or by tonching a well-insalated electro- 
meter with a rod of the glass. 

All glass is more or less hygroscopic; its sarface attracts moistare 
strongly. For this reason, solid colnmns of glass are better than tnbes. 
This difficolty may be temporarily obviated by warming the glass and 
rnbbing it with warm cloths; bat it can only be permanently overcome by 
coating it with a ramish of shellac or sealing-wax. If shellac is nsed, 
the coat mast be thin, and the glass previonsly warmed, jnst as in yamish- 
ing metals. Solution of sealing-wax mnst be applied antil it forms 
a nniform opaque coating; very little mnst be laid on at a time. 
Shellac is not a perfect remedy, and seaiing-waz disfignres the apparatas 

(258) 
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very mach; the red nniform of electrical apparatns has gone ont of 
fashion. All experiments in frictional electricity suGoeed best in winter 
in a heated room : this snbject shoald therefore be reserved for the winter 
term. 

[233] Gutta-perclia is also a nsefnl snbstance for electrical pur- 
poses ; it may be had in sheets as thin as paper, in threads, or in almoet 
any form. When recently kneaded in warm water and dried, it insnlates 
admirably, and becomes negatiyely electrified by friction with wooL 
IJnfortanately it loses this property afber awbile, and even becomes 
brittle, so that its valne is really not so great as was first sapposed. 

[234] Amalgam. — ^Kienmayer's amalgam consists of 1 part tin, 
1 zinc, and 2 mercnry; while others recommend 2 tin, 3 zinc, and 4 
mercnry. The tin mnst first be melted in a Hessian cnicible, and the zinc 
added in snccessive portions. The mercnry mnst be heated prerioosly, 
and slowly ponred into the cracible after it has been taken from the fire, 
the miztnre being constantly stirred. The whole is then slowly ponred 
into water and kept in constant agitation. The amalgam is thns obtained 
in a granulär condition, and may be redüced to powder by folding it in 
paper and striking it with a hammer. It mnst be well dried, and kept in 
air-tight bottles. It always aets best when recently pnkerizcd, as it 
oxydizes snperficially after a time, and the ozyd injnres its effcct The 
following amalgam is highly recommended : 1 part of zinc is melted and 
dowly added to 4 parts of mercnry, previonsly heated in a mortar; the 
mixtnre is mbbed with the pestle until it is cold, when it has the con- 
sistency of bntter. The anthor has made no experiments on the snbject, 
bnt it seems that the effect of the amalgam mnst vary with the qnality of 
the glass, otherwise the directions on the snbject conld not diiTer so mach. 

The old amalgam shonld always he remo^ed with a dnll knifo befbre 
fresh is applied ; the leather shoald be thinly smeared with grease, and 
the amalgam spread on it with a knife as evenly as possible. It is still 
better to sprinkle the finely pnlyerized amalgam on the leather, and mb 
it with paper. In this way no more amalgam adheres than is necessary. 
The end of a cylindrical woolen swab, 1 or 2 inches in diameter, does 
yery well for applying the amalgam. The amalgam need not acqnire a 
metallic Inster. 

[235] The nse of chains as condnctors Is to be avoided as mach as 
possible, since their conntless angles and points cause too great a loss of 
electricity ; pliable brass wves, abont 1 millimeter in thickness, are prefer- 
able, and may be woand aronnd at the proper points. When the elec- 
tricity acqaires a higher tension, brass wires, 2 or 3 lines in thickness, 
mnst be employed, the ends of which shonld be careiiilly ronnded and bent 
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into large hooka. The whole snrfiice should theo be filed smooth, polished 
with ptunice and emery, and thicklj yarniBhed with shellac. 

[236] Fandamental ezperimentS. — Attraction and repaldon, 
the difference between conductore and non-condnctore, and between 
poeitive and negatiye electricity, are illnstrated by pith ba]ls fastened to 
silk or linen thread. The thread should be drawn throngh with a needle, 
and fiistened with a knot, which can be drawn into the ball after being cat 
off cloee. The threads mnst be fine enongh to be drawn straight by the 
weight of the balls. Yery fine wire may be Bnbstitnted for linen. The 
experiments will be visible at a greater distance if hoUow cylinders of gilt 
paper be nsed instead of pith. Two little balloons of eollodium, snapended 
by silk threads, serre well to show the matnal repalsion of similarly 
electrified bodies. They become electrified by being merely drawn a few 
times throngh the band. A simple wire fastened into a foot, bent oyer at 
the top, like fig. 444, serves for a sapport The wire may be insnlated by 
cementing it with sealing-waz into a glass tnbe, as in fig. 445. The 

J^. 445. 



Fig,UA 




Bimplest snpport of all is made by half Alling a tolerably wide bottle with 
sand or iron filings, and thmsting a wire, bent at right angles, throngh 
the cork« In mi^ing ezperiments with the linen threads, a condncting 
wire mnst be attached to the snpport, fig. 445. For other pnrposes 
insolating Stands mnst be nsed. The threads mnst be at least 6 inches 
long. To give greater firmness to the wooden base, a eircnlar grooye 
shonld be cnt on the nnder side and filled with lead. 

Sealing-wax becomes highly electrical by rapid gentle friction with a 
woolen cloth. Olass requires more friction, especially if it be not warm 
beforehand. A pieee of amalgamated leather is the best mbber. 
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The experiment may be varied bj saspeiidüig a short, thick glass rod 
by a thread. When this is rabbed it will be repelled bj the other glaas 
rod and attracted by the sealing-waz. The thread mast be tied in a 
notch, CQt with a file aroond the middle of the rod, so that it will not slip 
when the rod is rabbed. A stick of sealing-wax may be nsed in the same 
way. If both these rods be rabbed they will attract eaeh other. 

A good way of sapporting the rods, is to fold a slip of card-paper, an 
inch long, into a stirrap, and saspend it by a fine wire or seyeral strande 
of raw silk. A very thick or very highly ezcited glass tabe broaght near 
the small glass rod, will almost always attract instead of repelling it. 

To show that any friction develops both kinds of electricity, cement a 
stick of sealing-wax to a disk of wood, and glae a piece of leather to the 
other side. Amalgamate the leather as asaal, and then rnb it apon a plate 
or rod of glass. The wood and the glass become oppositely electrified, as 
may be proved by the pith balls, or any other electroscope. 

The inflnence which the condition of the sarface exercises apon the 
kind of electricity developed by friction may be readily shown by grinding 
one-half of a glass rod on a stone. Friction with a woolen cloth will 
ezcite the groand sarface positively, and the smooth sarface negatively; 
each part mast, however, be rabbed separately: if the whole rod be 
rabbed at once there is generally no electricity developed. The saccess 
of this experiment seems to depend apon many accidental conditions, and 
is never sare ; even glass rods which have been formerly ased with saccess 
for this experiment often yield after a time the same electricity through- 
oat. A glass rod is more certain to be negatively eleetrified by drawing 
it once lightly throagh a woolen cloth. It shoald be first passed throngh 
the flame of a spirit-lamp to remove all traces of electricity, and its 
indifference tested by an electrometer. 

[237] The electrica! needle. — This can be made in the foUowing 
x^ 44a simple method : a a, fig. 446, is a wooden stand, aboat 
1^ to 2 inches in diameter, into which a well insalating 
rod, 6, is fastened. A fine sewing-needle is cemented 
to the apper end of this as a pivot for the needle. This 
may be connected with the groand, when desirable, by a 
fine wire. The electrical needle may be made of a piece 
of brass wire, aboat ^ a line in thickness and 2 inches 
long, in the center of which a conical cavity is bored 
almost throagh, and polished with a conical stick and 
emery. After balancing the needle the ends mast be 
carefally roanded off. The needle will be lighter and 
more sensitive if the cap alone be made of brass and two tolerably stoat 
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Fig. 448 



knitting-needles soldered to the opposite sides of it The cap can in this 
case be made on a lathe and more carefolly polished. 

A yerj aensitive needle is made by bending Fig. 447. 

a slip of brassy aboat a line in breadth and 
0-2 line thick, into the form of fig. 447, and 
making a little dent in the middle of it with a 
panch. Two needles are soldered to the 
ends of this. 

[238] Coulomb'8 electroscope.— 

This is made most simplj ont of a large white 
tambler, the insnlating properties of whieh 
have been ascertained by setting upon it the 
electrical needle or an insnlated stand, and 
obserring how long it remains electrical in 
dry weather. A wooden cover, fig. 448, is 
fitted somewhat tightly to the glass. Into 
an opening in the middle of this cover, a glass 
tnbe, 2 to 4 inches long and :^ to 1 inch wide, 
is cemented and ground even at the top. 
This is also covered by a movable wooden 
cap, which has an opening in the center to 
reeeive a small cork, throngh which a brass 
pin carrying a cocoon fiber can be mo?ed np 
and down. 

Cocoons may be obtained almost every- 
where, and the silk fibers can be nnwonnd 
from them npon a roll of paper after they 
have been soaked in warm water. As these simple fibers are indispenable 
for many pnrposes, this tronble must be snbmitted to. It is not easy to 
pnrchase snitable fibers, since those designed for this pnrpose are at least 
tripled in reeling off. For many purposes stronger threads are needed, 
and for such the latter are especially adapted. They may easily be had 
from the silk factories. It is hardly possible to obtain snitable fibers by 
simply nntwisting wrought silk. 

A fine thread of shellac, made by drawing ont the material when 
sofbened by heat, is fastened horizontally to this cocoon fiber. A little 
disk of tinsel, abont 1^ or 2 lines in diameter, is gummed in a vertical 
Position to the shellac needle, at a distance from the point of Suspension 
eqnal to the radins of the glass. A fragment of shellac may be attached 
to the under side of the needle opposite the thread, in order to lower the 
oenter of gravity a little. The two arms of the shellac lever may be 
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bronght into equilibriam bj leaving the vacant one at first a Utile loDger 
tlian the other, and afterwards melting the excess into a bead bj a flame 
held near it; if this be too heavj, it is onlj necessarj to melt it back a 
Utile toward the thread. An opening, aboat ^ an inch wide, most be left 
in the cap a a, throngh which the body to be tested can be introdaced bj 
means of a elender rod of shellac. This rod is atiached above to a Uitle 
disk, by which ii is supporied in the aperture at such a height as jost to 
reach the tinsel. The amonnt of repnlsion is measured bj a strip of 
paper, gradoated into 360^, pasted on the inside of the glaas, the zero 
point coinciding with the point where the bodj tested is in contact with 
the tinsel disk. Oenerally, however, the body itself is not introdaced, bat 
a wire inclosed in a well-insalating tnbe, and ending above and below in 
t a knob, is introdaced through the opening, in precisely the same manner 
as the rod of shellac, and the electricity commanicated to this; this 
requires, of coarse, sironger electricity. The disk of tinsel, when not 
electrified, may always be made to coincide with the zero point of the 
division by tnrning roand the apper cap. In most experiments it is well 
to introduce a capsale, coniaining chloride of calcium, into the glass, in 
Order to dry the air ihoronghly, thongh this is not absolately necessaiy, 
and in really damp weather is not snfficient In such weather the funda- 
mental experiments in electricity never succeed well. 
Besides these three instrumenta for showing the presence of electri- 
city, yiz.: the eider pith eleciroscope, the electrical needle, 
and Coulomb's eleciroscope, there are the following, caUed 
electrometers, some of which are used only for special par- 
poses, while others admit of some measurements and com- 
parisons of the force of electricity, and are simpler in their 
use than Coulomb's. 

[239] The quadrant electrometer.— The sim- 

plest form of this insirument consists of a round wooden rod 
a b, fig. 449, to which a semicircle of ivory is atiached, the 
lower half of which is graduaied into divisions of say 5°. 
The center of the graduation is at c, where the Utile pendu- 
lum c dis suspended so as to move slow freely. Ivory plaies 
from which such arcs can be made may be had at the comb- 
maker's or ivory-turner's. The divisions are scratched in 
preity deeply with a graver, a tool usefal for many purposes, 
and blackened with indian-ink ; the excess of color is scraped 
off with glass. The are is not sei in uniil the support for the 
pendulum is in iis place ; this support is either made entirely 
of brass, as is shown in natural size in fig. 450, or a piece of sheet brass 
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is bent ap for the front part and fastened by an iron screw to the rod. 
The pendalnm consists of a thin splinter of whalebone or wood, which is 
left a little broader at the end where the azis (the end of a knitting- 
needle) passes throngh it, or of fine wire. The ball is made, aeeording to 
the power of the electrical machine, of eider pith, cork, or metal. A 
metallic pin is driven into the lower end of the rod a h, and reaches to 
where the rod is cat away, so as to allow the ball to come in contact with 
the pin when the pendulnm is at rest By means of the peg e, the 
instrument is fixed into a snitable opening in the condactor, or if necessary. 
screwed in. It is evident that the force of the electricity is not propor- 
tional to the degrees of the gradnation. 

[240] Straw and gold-leaf electrometers. 

— ^Both are easily made out of narrow-necked botUes, 

fig. 451. The glass tnbe which contains the condacting 

wire mnst insniate well, and is fitted throngh a cork. It 

is a good plan to paste strips of tin-foil on the sides a b, 

reaching ap throngh the neck to the ontside, in order to 

discharge the leaves when they strike against them. 

Strips of msh pith may be nsed instead of gold-leaf or 

straw; they are less sensitive than gold-leaf, and more so 

than straw. They are, like the straw, snspended by fine 

wires, for which pnrpose the end of the condocting wire 

mnst be pierced with two holes. When the glass has 

become electrified by drawing out the cork, it is hardly possible to intro- 

duce slips of gold-leaf, if gilder's leaf be used, as they are always attracted 

by the glass; it is necessary to wait then nntil the electricity is dissipated. 

The slips of gold-leaf may be cut and pasted 

on the wedge-shaped end of the condacting 

wire by the bookbinder. They are made 1^ 

to 2 inches long, and 1 to 2 lines broad. In 

most cases it will be advisable to use somewhat 

thicker leaves, and for this purpose mixed foil, 

made of alternating gold and silver leaf, is good. 

When the straw electrometer is to be used for 

comparative experiments, a large, clean glass 

tnmbler is taken and fitted with a cap of wood 

or metal, throngh which the glass tabe is in- 

serted. lipon the bottom of the glass is placed 

a gradaated are of ivory fixed in a piece of 

wood, fig. 452. Slips of straw can, however, 

be employed only when the instrnment is 




Fig. 452. 
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designed to indicate ^ery strong electricitj; generallj ihe npper, thin 
ends of slender grass blades are nsed. When the blades of gnuw are yery 
delicate, the end of a fine silver wire, beut into a hook, is thrnst directly 
into the hoUow of the blade; if the blade be coarser, the end of the hock 
maj be pushed obliqoelj throngh the blade and bent over. 

The apper end of the condncting wire most in every case terminate in 

a serew, in order to attach at pleasore a litUe ball of ^ inch diameter, 

or the plates of a condenser. Provided the divergence does not ezceed 

30^, the electrical tension may, withont perceptible error, be considered 

proportional to the angle. 

[241] Andrieaaeri'a very sensitive gold-leaf electrameter is shown in 

fig. 453. It differs from the ordinary one only in 

Fig. 453. having a brass wire abc d,l line thick, bent three 

times at right angles, inserted throngh a hole 2 lines 

in width, bored throngh the aide of the glass by 

means of a copper rod and emery. This wire is 

secnred in its place by being cemented at a into a 

piece of tnmed wood, abont 1 inch thick, fitting 

into the hole by a snitable plng, which is cemented 

into the hole and to the sides of the glass. The 

apparatns would have a neater appearance if a brass 

tnbe were soldered to a ronnd plate, throngh this 

a glass tnbe inserted and the wire cemented into 

it, as is shown in fig. 453. As it is easy to com- 

mnnicate the contrary electricity to the knob which terminates this wire, 

the gold leaves diverge the more readily when the knob e is also 

clectrified. 

When gold-leaf is nsed for the electrometer, the slips mnst not be long 
enough to reach the sides, because it is difficnlt to detach them. Even 
carefnlly drawing out the wire to which they are attached will often tear 
them At all events, such delicate electrometers as those described in 
this Paragraph, where the slips of gold-foil are only 1 to 1^ inch long and 
1 line broad, and of the finest gold, mnst never be exposed to strong 
charges of electricity, and must always be handled with the greatest care. 
One can easily make several electrometers with heavier gold-foil, mixed- 
foil, or tin-foil; all, of course, withont the separate bent wire, in order to 
have an instmment snitable for every pnrpose. 

In using this electrometer for very feeble electricity, when the bent 
wire is therefore charged beforehand by induction, it is not advisable to 
screw the condenser on the instmment The lower plate had better be 
fized on a separate snpport, and after the Separation of the plates, the 
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electricity of one is commnnicated to the knob e, as in fig. 454, where a 
separate tabe for Chloride of calcium is also introduced. 

Fig. 454. 




[242] A 7er7 good electrometer for many parposes is represented in 

Fig. 456. 




simplified form in fig. 455. It was originally proposed bj Dellmann. A 
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well-insnläting glass is provided with a wooden base and a moyable cap, 
which has an apertnre in the center, in which a glaas tnbe a is cemented ; 
this tabe is also closed by a movable cap, throngh which the brasB pin b 
passes. To this pin a Single or double fiber of silk (according to the ose to 
be made of it) is glued, carrying below a needle of the finest wire, an inch in 
length. A hole is bored in the side of the glass about an inch from the 
bottom, and a wooden or brass cap c cemented o ver it, throngh which a gUai 
tnbe is passed. In this tnbe the condnctor d e is fastened bj corks; this 
consists externallj of a stont brass wire, which is bent npwaid and ends in 
a screWy in order to attach at pleasure a knob or the plate of a condenaer ; 
within the glass a thin strip of brass, 1 Hne in breadth, carefnllj ronnded 
and smoothed in everj part, is soldered vertically to the wire with tin, 
and reaches to within ^ of an inch of the opposite side of the glass. In 
p^ .g« the middle of the glass it is bent, 

as is shown in fig. 456. The in- 
stmment is placed on a board with 
a^justing screws, and so adjosted 
that the thread reaches just to the 
middle of the bend in the strip of 
brass, and the needle assumes the position indicated in fig. 457. The pin 
b is then tumed nntil the elasücitj of the thread just keeps the needle in 
contact with the brass. This is accomplished by raising the pin b so that 
the needle can tum freely, tnming the pin nntil the needle, when at rest, 
falfills the reqnired condition, and then depressing the needle. 

If electricity be now imparted to the condnctor, it is commnnicated to 
the needle, and the latter repelled. This Instrument is ezceedingly sensi- 
tive and very reliable; it does better service in Yolta's fundamental 
ezperiment than any other; bnt it is not adapted to class illnstration, 
because the fine needle can only be seen near at band. 

[243] Bohnenberger'S electrometer. — The ezperimenter can 
easily make this apparatns for himself. A large tumbler may be taken, 
and two Zamboni's piles attached to the cover; but in this case the gold- 
leaf hangs between these and sticks fast too easily, and in shaking it looae 
iB very apt to be torn. It is better to take a larap chimney, about 2 
inches wide, as shown in fig. 457, for which a wooden cap and base are 
tumed ; in the foot, fig. 458, two grooves are made to receive the tubes 
of the Zamboni's piles ; the grooves are connected by a slit^ so that both 
may be llned with an unbroken strip of the foil. The tubes are left open 
below, and first fiUed with the disks of paper and then cemented in their 
places ; as they are connected by the strip of tin-foil so as to form one 
pile, the poles have always eqnal strength. The insulating qualities of 
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the glasB iabes mast previoasly be carefoUy tested, and they mast be of 

euch a size that tbe pieces of paper will not be verj tigbtly compressed. 

Disks 2 to 4 lines in diameter are large enongh ; they 

are best cnt wlth a pnneh of corresponding size, oat 

of Imitation silver and gilt paper, pasted together 

with starch. If the sheets are pasted together by a 

bookbinder, he mnst be directed not to nse the paste 

mlxed with glne which they ose for other pnrposes. 

The npper end of the tnbes may be closed by a cork 

pared off smoothly, and a wire thmst throngh this, 

which is bent into a ring on both sides and presses 

OD the paper. Of course the jtwo projeeting ends 

mnst be of the same length. If it be desired to 

famish the opper end with a brass monnting, having 

a screw on the ootside, in order to attaeh to it a 

brass cover with a ronnded knob, the space above 

the papers may be filled with a spiral coil of brass 

wire. When the wires are a little longer than the 

yacant space, they press on the papers. The pole 

which has copper nppermost is positive, becanse 

the last copper and the last tin are not conpled. 

The condacting wire is in this, as in other elec- 
trometers, either wrapped with silk, or coated 
with sealing-waz and cemented in with the same. 
The screw on the end of all of them should have 
the same thread, in order that the same pair of 
condensing plates may be nsed with all. 

The large glass tube is not cemented in its base, 
bat a Strip of velvet or linen, a little narrower than the depth of the 
cavity in the base, is pasted aroond the glass in order to stick it in fast 
The disks of paper of the Zamboni's pile lie loosely upon each other, and 
more or fewer of them may be introdaced into the tnbe, according as the 
wires which form the poles press npon them more or less tightly. By 
this means the strength of the poles, and therefore the delicacy of the 
Instrument, can be regnlated at pleasnre. With the dimensions given, 
the poles can easily be made so streng, that a strip of tin-foil snspended 
between them will oscillate for a considerable time, which, of course, must 
not occur when the Instrument is used as an electrometer. 

This limit should, however, be approached as nearly as possible e?en 
with gold-leaf, when a very sensitive Instrument is required. 

This Instrument has also been made with an unbroken horizontal pile, 



Fig. 458. 
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instead of a broken vertical one, and the two poles broaght toward the 
middle. Thfs constraction has the difficalty, that one mnst either bave a 
glass of proper shape made, or constract one by patting together plaies 
of glass ; figs. 459 and 460 show sach an instmment. This form has 

Fig. 459. 





certainly the advantage that the pole wires e f are longer. If thej are 
made elastic and aeted od by screws attached eztemally terminating in 
glass rods, the distance between the plates, and conseqaently the delicacj 
of the instmment, may be varied at pleasnre. 

[244] A Conlomb's torslon balanee, thoagh not a very perfect one, 
may be made by nsing for the electroscope fig. 448, a glass, 6 inches 
in diameter, gradaating the npper mounting of the glass tnbe, and 
attaehing an index to the brass pin. The shellae needle is snspended bj 
a very fine silver wire, instead of a cocoon fiber, and the torsion is eiTected 
by tuming the pin. The zero points of the npper and lower graduations 
mnst coincide, and the disk of tinsel mnst stand opposite this when the 
mark on the cap is at zero. It is a good plan to connterpoise the disk 
of foil by one of paper on the other end of the needle, which aets as a vaoe 
and brings the needle to rest sooner. The cap of the glass vessel mnst be 
loose, so as to admit of introducing a capsnle with some fnsed Chloride of 
calcium. It is indispensable, before nsing the instmment, to wipe the 
cylinder and the tnbe with a woolen cloth ; the same precantion is neces- 
sary with all eleetrometers. Experiments with the torsion balance before 
a large audience do not often sncceed, for the air in a crowded room sooo 
becomes too moist to admit of nniform resnlts. 

[245] Charging a gold-leaf, straw, or Dellmann's electrometer, in order 
to jndge of the effect of a body held near it, is best effected by indnctiou. 
The knob of the electrometer is tonched with a condnctor, while an 
excited rod of glass or sealing-wax is held near it, and the contact brokeo 
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befoie the indacing body is removed. The attempt to Charge it directly 
seldom sacceeds well. If the body is highly electrica!, it often acts npon 
the electrometer too strongly at a distance ; and if it be too feebly charged, 
it commanicates ecarcely any electricity to the knob, on acconnt of its 
low condactiDg power. 

[246] The proof plane. — ^When it is reqnired to test the electri- 
city of a body which is too highly charged to be bronght p- .n^ 
near the electrometer, or to investigate the diffasion of 
electricity over the sarface of a condactor, it is done by 
means of the proof plane. This is a disk of foil, tinsel, or 
g^lt paper, ^ an inch in diameter, fig. 461, cemented to a 
thin glass rod which insnlates well, and is coated with 
shellac, or better still, a rod of shellac, 4 to 6 inches long. 
The body to be tested is tonched with this disk, and the 
Charge commnnicated to the electrometer, which has been 
discharged with the finger. If the electricity be too feeble, 
the commanication may be repeated a nnmber of times. 

[247] The electrica! maohine.— The electrical 
machlne is one of the most indispensable pieces of apparatns ; 
it admits at the same time of the greatest yariety in con- 
stmction and size. The size of the machine depends, other things being 
eqpal, npon the length of the sparks desired ; and it cannot be denied that 
an phenomena of theoretical importance can be exhibited as well with a 
machine which yields sparks ^ to ^ inch long as with one which giyes 
8 to 12 inch sparks, for it is immaterial whether a Single sheet of paper 
be penetrated or a whole pack of cards. In the school the matter cannot 
be always regarded so abstractly, as it is precisely the variety of pheno- 
mena which often rivets the attention of the pnpil, and serves to illnstrate 
the theory. Bnt the philosophic amatear is as little satisfied with a mini- 
mnm of effect as the scholar. On the other band, all nnnecessary expendi- 
ture mnst be avoided, and in view of this we may assert that an electrical 
machine, the condoctor of which affbrds sparks 1 to 2 inches in length, is 
snfBcient for all experiments, except snch as Yon Mamm institnted. 

The length of the sparks depends also partly npon the constniction of 
the machine, and it may be assnmed in general that a plate machine 
which has a plate 15 to 18 inches in diameter, and does not give sparks 
fhlly 2 inches in length, is to be considered defective either in material or 
constrnction. If the machine be intended for instmction, care mnst be 
taken that it fnmish negative electricity as well as positive, and if possible 
in eqnal strength. 

It is immaterial whether it be a plate or a cylinder machine. Cylinder 
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machines can be furnished somewhat cheaper than plate machmes of 
eqnal power, proYided the sparks reqaired do not ezceed 1 to 2 inche& 

The qaestion whether it be better to andertake to constmct a machine 
or to hnj one ready made, is a different one to the teacher and to the 
amatear. The former must either pronde an entirelj new apparatos, and 
in this case to make an electrical machine, which is the very first piece of 
apparatns needed, is ont of the qaestion ; or he finds a machine soitable, 
except that it has not as mach power as might be ezpected from its size, 
and he has to improve it The amatear will take pleasure in constmcting 
his own machine. The principles bj which both shoald be gnided sball 
be developed in the following pages. In ordering a machine, it shoald 
be stipnlated that it shall be capable of being nsed both for positive and 
negative electricitj, and in a heated room in winter give sparks of a 
certain length. 

[248] The plate or cylinder. — Plates for this porpose are 
nsaallj made of mirror glass, and maj be had, readj ronnded and pierced, 
from the mannfactories of mirrors; thej may be obtained throngh a 
dealer in mirrors. In general, greenish glass is to be preferred. Plates 

may also be had from plate glass 
&ctories, bot these are seldom of saffi- 
ciently even thickness, and the nibber 
mast be made very yielding; snch plates 
are, at all events, not to be recommended. 
The azis is nsaally made of iron. A 
thread is cnt in the middle of it, and the 
plate fastened by two stout plates screwed 
on the azis, and separated from the plate 
by leather washers. In small machines 
the length of the azis mnst be nearly 
eqaal to the diameter of the plate, and it 
shoald be covered with a stont wooden 
Cover varnished with sealing-waz, as 
shown in section in fig. 462. Since the 
hole in the plate is always somewhat 
larger than the azis, it is easy to adjost 
the latter ezactly in the center of the plate, 
before screwing np the metallic plates 
very tightly. Glass azes are preferable to 
iron, bot they reqoire very carefol workmanship, and it is better to leave 
them to the instroment maker. A simple azis of this kind is described in 
§252. 
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Tfae bearings of the azis are made like all other bearings, of two plates 
of gnn-metal, which can be approzimated to each other bj sciews, and 
are best supported on glass colnmns with well-tamed wooden heads. 
Bearings of beeeh-wood cnt across the grain are, howeyer, qnite good 
enongh. The crank has also an arm of glass. It is not absolately 
necessary to insnlate the bearings, bnt it increases the power of the 
machine considerablj, for the electricitj is apt to pass off from the collect* 
ing arm of the condnctor, or from the mbber to a non-insnlated axis, of 
which one may easily satisfy himself in the dark. 

The axis of the cylinder machine is passed throngh the cylinder ; screws 
are cnt npon each end, and instead of plates, wooden caps are nsed, which 
inclose the necks of the cylinder. The caps mnst generally be made 
Bomewhat large and the necks cemented into them, in order to fit the 
axis exactly in the center of the cylinder, which is even then seldom 
perfectly attained. 

[249] The mbber. — To plate machines, either one or two pairs of 
mbbers may be attached. Experience seems to prove that two pairs of 
mbbers increase the qnantity of electricity liberated ; bnt that, except 
where the plates are more than 24 to 30 inches in diameter, the length of 
the spark is diminisbed thereby. 

As the Chief object of an electrical machine i»to prodnce the greatest 
possible tension, all machines of less dimensions than this should have bnt 
one pair of mbbers. The Leyden jars may be more rapidly charged when 
two pairs are nsed, provided again that high tension be not reqnired; this 
iDConvenience may be remedied by a few more tums of the crank, bat 
nothing will increase the length of the spark. The mbbers need not be 
broad in the direction of rotation ; 1 to 1^ inches is qnite enongh, bat 
they shonld be | the radins of the plate in length. They are best made 
of ^inch boards, the comers well ronnded off and the snrfaces planed 
smooth. The boards are covered with thick, soft-dressed calfskin, with 
the rongh side ontward to receiye the amalgam ; the leather ia glned only 
at the sides, and the edges pared „ 

off; a donble fold of flannel is ^^' ^^^' ^^' ^^^' 

stnffing enongh. The backs of 
the boards are covered with tin- 
foil, and two knobs are screwed 
into each by which they can be let 
into a slit in a broad brass spring ; 
this is fastened to the condnctor, 
and may be compressed by two 
sphericai screw-nnts, in the manner 
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shown in fig. 463. Another mode of fasteniog them is seen in fig. 464, 
where the rabbers are attached to two strong brass rods connected with 
the condnctoT bj a Joint at o. The pressure is here maintained bj two 
Spiral Springs, coiled aronnd the wire c, between the brass knobs h and 
the rods. The wire c is thickest in the middle, and filed sqnare toward 
the ends, so as not to tarn in the holes in the rods, which are also 
Square. Howeyer the mbbers may be fostened, each pair mnst hare a 
common spring, so that they may the more easfly yield to the ineqoalities 
of the glitös plate. 

The mbbers are fastened to an insnlated ball of brass. If the size of 
the ball, which depends npon taste, makes brass too expensive, a woodea 
ball may be snbstitated, and the mbbers fastened to a brass rod which 
passes throngh the ball and terminates in a brass knob, 1 to 2 inches in 
diameter. 

The manner of attaching the mbbers to a machine is not easily changed 
withont entirely reconstrncting it; bat badly constracted mbbers can 
easily be ezchanged for better ones. The ezcited part of the plate most 
be coTered with oiled silk from the mbbers to the coUecting points of the 
condactor. This Aap is usaally fastened immediately to the mbber, and 
snpported by silken cords fastened to the pillars of the machine. This 
Aap of oiled silk cannot entirely preyent the nnion of a part of the 
positi?e electricity of the glass with the negative electricity of the mbber, 
eyen when the latter is not insnlated ; this takes place where the glan 
leaves the mbber. The qaantity of electricity lost in this way is greater 
when parts of the mbber are amalgamated which are not in contact with 
the glass. It is necessary, therefore, to avoid amalgamating more of the 
mbber than is actnally in contact with the plate. This loss is especially 
sensible when the mbbers are made of thin plates of metal covered with 
leather, and for this reason snch mbbers shoald, notwithstanding their 
elegant appearance, be avoided. This loss may be most eflfectoally 
connteracted by pasting a strip of thick silk to the side of the mbber, and 
allowing it to pass oyer this and eztend a few inches ander the Aap. The 
amalgam is spread npon this silk, and connected by strips of tin-foil with 
the back of the mbber. The strip of silk which is placed ander the Aap 
requires no further fastening; it will be immediately attracted by the 
electrified plate. This improyement is easily made on almost any machine, 
and increases the effect snrprisingly. When the silk becomes soiled by 
particles of the amalgam, which are carried forward by the plate, it mnst 
be mbbed off with a woolen cloth, or exchanged for a clean piece. Iq 
spite of all precantions, the electricity ftom the mbber of many machines 
will be fonnd strenger than that from the condactor, owing to the loss in 
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transmission. Instead of the oiled silk, which is not always of the same 
qoalitj, gütta-percha paper may be nsed with the same effect, and is mneh 
cheaper; it lasts, however, only aboat two years, and then gradnally 
becomes so tender that it falls to pieces. A better Substitute still is silk, 
Tarnished with shellac while stretched on a frame. 

The mode of appljing the amalgam has already been given ; its renewal 
is generally necessary when the fall power of the machine is reqnired to 
be ezerted after long disnse. Bnbbing off* the enshions with blotting« 
paper, or simply mbbing them against each other, is often safficient to 
restore their effect 

Cylinder machines are famished with bat one rnbber, the length of 
which 18 aboat f that of the cylinder ; the breadth shoold be aboat 2 inches, 
or in small machines not more than | of the circamference of the cylinder. 
It is made of wood hoilowed ont to fit the conyexity of the cylinder, and 
staffed with horse-hair, in order to yield more readily to the ineqnalities 
of the glass. A Aap of oiled silk mnst cover the cylinder firom the cnshion 
to the condnctor, and in this case also the strip of silk mentioned aboye 
is a decided advantag^. 

If it be reqnired to iosnlate the cnshion, the Springs most be set between 
it and a small carefally ronnded board attached to the glass colnmn; bot 
it If; difficult to prodace a variable pressure in such a case. In smaller 
machines the glass colnmn itself can be snpported upon a moYable wooden 
base against which the Springs act, in order to press the cnshion against 
the cylinder, as is seen in fig. 465. Large machines of this sort do not 
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Fig, 465. 
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nsually have the cushion insulated, and then it is easy to attach the 
necessary Springs to the snpport 
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[250] The COnductor. — Tbe condnctor usuallj consiBts, in ma- 
chines where it has no sjmmetrical position with the nibber, of a short 
metallic cylinder, from 2 to 5 inches thick and 10 to 20 incbes long, 
ending in a hemispbere, or of a sphere, 2 to 5 inches in diameter. Tbe 
Istter shape is always preferred wben the condnctor Stands opposite tbe 
snpport of the mbber, as it does in the plate macbine. It generallj bas 
on the side opposite the mbber a stont brass wire, 2 to 3 incbes long, 
terminating in a knob, 1 inch in diameter. Wben the snpport of the 
cnshion is a wooden ball, the condnctor may be of wood too, and in this 
case the snpport of the coUecting arm passes throngh the ball and term- 
inates in a small brass knob. Wben the condnctor consists simplj of a 
metallic or wooden ball, it is very desirable to have a cylindrical condnctor 
on a separate stand, which can be placed in contact with the cnshion or 
the prime condnctor at pleasnre. 

This condnctor shonld have at each end a projecting brass wire, 2 to 3 
inches long, terminating in a knob. The effect of the simple spark from 
the condnctor is greatly increased by snch an arrangement The prime 
condnctor carries on the side next the glass an arm which is forked for 
plate, and T-shaped for cylinder machines, with sharp points directed 
toward the glass. The points shonld be as sharp as possible. The rods 

Fig, 466. 




to which these points are attached shonld be, at least toward the end, not 
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Fig. i67. 



Fig. 468. 



only yarnished, bat thicklj coated with a layer of shellac or Bealing-waz, 
in oider to pre?ent the escape of electricitj towaid the axis. Instead of 
setting the collecting points in a straight metallic fork, it is still better to 
employ a bent wooden one, as in fig. 468, and to make the points of pins 
set in a slit lined with tin-foil, and filled np again with sealing-waz. 
Where this wooden arm joins the metal one, it is connected with it by 
Strips of tin-foil, and the whole arm yarnished with shellac. 

[251] The insulation. — The best mode of insnlatiog the condnc- 
tor, the mbbers, and the beariogs of the axis, is by means of colnmns of 
green glass. These colnmns are, howeyer, yery ezpensiye, since with a 
plate 15 or 20 inches in diameter they mnst be nearly that high, and both 
strength and symmetry reqnire that they shonld not be too slender. It 
will, therefore, often be necessary to nse instead of solid colnmns, stont 
tnbes ; these can be more readily procnred straight and tolerably nniform 
in thickness. Tnbes answer the pnrpose qnite as well as solid colomns 
when yarnished intenially with shellac and cemented in, dnriDg cold, dry 
weather, or a piece of fosed chloride of calcinm inclosed. 

The condnctors haye frequently a neck 
to receiye the head of the colnmns, as in 
fig. 46T, which is yery objectionable, 
cansiDg a considerable escape of elec- 
tricity along the glass, which may be 
readily obseryed in the dark. The form 
of the insnlated body shonld rather, as 
Von Mamm directs, be depressed at 
this point, as is shown in section in fig. 
468. The defect may be partially re- 
medied, by cementing around the lower 
edge a smooth roll of shellac or sealing- 
waz, 6 to 8 lines thick, rolled ont be- 
tween boards while warm. 

Defects of insulation inflnence chiefly the length of the spark, and haye 
yery little effect on the charging of the jars, nnless the tension be great 
Many machines with which a battery may be charged yery rapidly giye 
only Short sparks. The perfection of the insnlation may be jndged by the 
bmshes of light which stream from the conductor in the dark, especially 
toward the axis and along the colnmns, which ought not to be yisible if 
the insnlation is good. 

[252] Winter'S eleotrical machines. — The electrical machines 
constmcted by Winter, in Yienna, haye attracted mnch attention, on 
aeconnt of the length of the spark yielded by them in proporüon to their 
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dimeDsions. The author has one of Winter's machines, with a plate 4T 
centimeters (18^ iuches) in diameter, which, with proper management, 
will give sparks 9 to 10 inches long; and as its constraction can be 
imitated in manj respects in other znachines withoat mach ezpense, a fnll 
description of it is given. Fig. 469 is a perspective view of it, ^ to j\ 

Fig. 469. 




of the natural size. The plate, which is 8 millimeters thick, is secnred bj 
Bcrews between wooden blocks, one of which is connected with the winch 
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hj an axLi of green glass t, 24 centimeters long; the other ends in a 
godgeon turning in a wooden knob e, which is sapported on a glass 
colnmn s, 40 centimeiers high. The gndgeons are aÜ of wood and tarn 
in wooden bearings. The rnbbers are made of wood covered with 
leather, and stnfTed with a little cottoo, and are broader toward the edge 
of the plate. 

Fig. 470 shows a side view of one of the rnbbers. The board a, npon 
which two Springs are fastened, fits into the groo?es of the socket, fig. 471. 

Fig. 471. 



Fig. 470. 





This socket is lined with metal, and connected bj wires with the stalk of 
the negative condnctor o, fig. 471, which is inserted in the hole e. This 
condoctor is snpported on a short glass colnmn/. A Aap of oiled silk is 
attached to the mbber which extends to the coUecting arm of the condnc- 
tor, and is donble throoghont, three or fonr fold at first. (Oiled silk can 
be cemented together by solntion of shellac.) As these flaps fall off from 
the plate and cnrl np when the machine is not in nse, little pins of split 
cane are nsed to keep them in constant contact with the plate p, fig. 471. 
The condnctor is snpported on a glass colomn g, 47 centimeters high, 
and consists of a hoUow globe of brass a, 10 centimeters in diameter. 
The globe is depressed below, as is shown in fig. 472. It has a cylindrical 
tnbe inserted in it above to receive the handle of the wooden ring, and 
opposite the coUecting arm a hemisphere only 5 millimeters in diameter, 
which slides in and ont in a narrow tnbe, 1 inch long. The coUecting 
apparatns consists of two thick, polished wooden rings, from 2 to 5 
centimeters thick, with an eztemal diameter of 13 centimeters. Thej 
are &8tened to a T-shaped arm of brass, the handle of which, z, fig. 473, 

18 



Digitized by 



Googk 



274 



PHTSIOAL SXPEBIMENTATION. 



slides into tho ball of the condactor. A grooye ifl cnt on the inside of 
each ring where the ezcited Burfa^e first approaches it, as is seen in 
the ring, fig. 474; this grooYe is lined with ün-foil which eztends to the 



Fig. 472. 




Fig. 473. 



T 



Fig. 474. 




crofis-piece of the arm, and set with a thick row of fine pin points 
which reach onlj to the surfoce of the ring. The sapport of the condactor 
is moTable on the base, being, like all the other glass colnmns, secored to 
the base board bj a screw from beneath ; the rings can, therefore, be made 
to eztend more or less over the glass. The longest sparks are obtoined 
when thej do not extend with their whole diameter bejond the edge of 
the glass. 

A polished wooden ring, 3 to 5 centimeters thick and 68 centimeten 
in diameter, can be inserted into the condactor bj a handle 50 centimeters 
long, ending in a brass fermle, fig. 474. The ring is made of seyenl 
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pieces of wood glaed together, and has concealed 
which reaches down to the ferrnle. Gare 
mnst be taken that this ring, when in nse, 
does not reach witbin 2 or 3 feet of tbe ceü- 
ing of the room. 

A separate spark-drawer, fig. 475, is at- 
tacbed. It consists of two brass balls connect- 
ed by a metal rod and snpported on a wooden 
stand. Tbe larger ball is placed opposite the 
little knob of the condnctor and connected with 
the rabber; it is an oblate spheroid, and repre- 
sents on tbe side nezt the condnctor a segment 
of a sphere of great diameter. 

The whole machine is fastened by a wooden 
Bcrew b, ^g, 469, to a low table. 

Althongh the machine deserres fnll credit 
for the ezcellence of its constmction, the chief 
canse of its powerfhl action mnst lie in the 
qnality of the glass. Being entirely free from 
snperflnons omament, these machines can be 
sold cheaper than others. A price list of 
Winter's machines is given below. Each ma- 
chine is fnmisbed with a spark-drawer. 



in the inside a wire 
Fig. 475. 




r^^^Mi 



DtemeteroTpbte. 


Lengthoftpiürk. 


Pric«. 


40 inches. 


22 to 24 inches. 


9150 


86 " 


20 " 22 


c< 


100 


80 - 


16 " 18 


(1 


80 


24 " 


12 " 14 


1« 


00 


18 " 


9 " 10 


<< 


80 



Dlametar of plato. Length of ipftik. Prioe. 

16 inches. 7 to 9 inches. $25 

12 " 6 " 7 " 20 

■ 10 " 4 " 6 " 15 

8 " 8 " 4 " 10 

6 " 2 " 8 ** 6 



Less elegantly finished machines, bnt eqnally effective, cost ^ less. The 
table is not inclnded. 

[253] Management of the electrical macliine.— in order 

to obtain the greatest effect from an electrical machine, it mnst be care- 
fnlly freed from dast and ftom particles of amalgam adhering to the glass, 
and the insnlating colnmns mbbed off witb warm woolen cloths. The 
bearings mnst be cleaned and oiled from time to time. It is very advan- 
tageons to warm the whole machine, and for this reason it shonld be 
placed in winter near the stove. The best effects are obtained when the 
bnüding is warmed by heated air, and the machine is placed near the flue. 
This will be readily nnderstood when one reflects that the air in honses 
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which are wanned hj fbrnaces is so dry as to be a fertile soarce of diaease 
to the occapants. The machine roaj be wanned in Bommer by fitting to 



Fig, 477. 



-^.476. 




a common charcoal farnace, fig. 

476, a jacket of sheet iron, fig. 

477, terminating in a pipe and 
pierced with numeroos holes be- 
low. The fomace is filled with 
well charred coals, and the pipe 
so directed that the air whieb is 
heated between the fnrnace and 
the jacket shall flow out against 
the machine. 

The flaps of oiled silk mnst also be remo?ed from time to time, and 
freed from adherent particles of amalgam; it is also well to lift them np 
before beginning to tarn the plate, as thej sometimes stick fast and are 
easilj tom. 

It need hardlj be mentioned that the mbber and the condnctor mnst 
not both be insolated at the same time. The commanication mnst be 
snfficiently established with one side, and for tolerably powerfal machines 
it is not enongh to allow a chain to rest npon the dry floor; the chain 
mnst either be spread ont npon the floor, or pnt in commnnication with 
other larger masses of metal The velocity of rotation depends npon the 
size of the plate, as the qnestion is not so mnch how many revolntions are 
made, as how rapidly the mbber passes over the snrface of the glass. It 
does not appear that the limits are very narrow; the yelocity may be 
tolerably great, bnt it shonld not properly exceed 10 feet in a second, and 
an aTerage of 5 feet is enongh. YHien the rotation is too slow, the 
electricity of the plate is dissipated nnder way. 

In experiments in which the maximnm effect of the machine is reqnired, 
it is nsefnl to ascertain previonsly, in the manner described nnder Lanne's 
jar, in what condition the machine is; for which pnrpose a card is 
attached to the jar, noting the nnmber of revolntions necessary nnder 
favorable circnmstances to produce a spontaneons discharge when the 
balls are at a certain distance apart. 

Where no separate lectnre-room can be had, there is no resonrce, when 
the whole power of the machine is to be bronght into play, bnt to clear 
the room one or two honrs before the lectnre on electricity, and let it be 
properly aired and heated. Experiments with high tension, which 
reqnire good insnlation, never sncceed well in a room occnpied for several 
honrs by a crowd of persons. 

[254] Freservation of the electrica! macliine. — The 
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Fig. 4T8. 




machine is generaUj so high that it is incooTenient to work when placed 
on an ordinary table, and is too low to be placed on the floor. It is 
better to have a special table of snch a height that the winch can be easily 
tarned ; the machine is fastened to this by a pair of screw clamps, remains 
npon it, and is coTcred with a large cotton cloth. 

[255] The steam electrical macliine. — Any smaii steam 

boiler will serve to show the action of this on a small scale. A simple 
airangement of snch a machine in which the heat is applied externally, 
will be given in the section on heat The steam is allowed to escape 
throngh a lead tnbe, abont 3 feet long, closed by a plng of wood with an 
aperture, abont ^ a line wide, and impinges against an nninsnlated network 
of fine brass wire placed abont a foot distant 

Even with very small dimensions (which will be given hereafter) and 
a pressure of only 3 to 4 atmospheres, snch a boiler 
giyes an abnndance of small sparks. The efifect is in- 
creased by attaching two brass plates a b, fig. 478, to 
the inner side of the plng in such a manner that the 
steam in escaping between them most take the direction 
of the arrow. If the boiler be not insnlated, the steam 
may be directed against an insnlated wire ganze, which 
giyes the opposite electricity from that giyen by the 
boiler. 

[256] The insulatillg StOOL — This is made 
inch thick and 1 j^ to 2 feet sqnare, well ronnded 
at the comers and edges, and strengthened at 
the comers by fonr additional pieces. The 
glass legs mnst be 1 foot in height and not less 
than 1 inch thick. Snch supports are some- 
what ezpensive and may be very cheaply re- 
placed by 4 Champagne bottles, which are set in 
at the comers, as shown in fig. 479, and cement- 
ed fast with ordinary sealing-waz. Besides this large insulating stool, a 
smaller one, 4 to 5 inches high and 24 to 30 inches Square, is needed for 
many experiments. Both should be well vamished. 

[257] Experiments with the electrical machine: at- 

traction and repulsion. — (l) T^ electrical spider, A ball of 
cork, with a few appendages like spider's legs, is suspended by a silk 
thread near the conductor ; the palm of the band or a metallic plate is 
held on the other side of it. The ball will be first attracted by Üie con- 
dnctor, then repelled against the band, then attracted again, etc. 

(2) The electrical chime. This is easily made out of two clock bells. 



of a board, 1 
Fig. 479. 
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Fig, 480. 



into the screw holes of which plngs of wood are driyen; a wire is thrnst 
throagh the plng and beot into a ring dose to the metal above aod below, 
as iB Been in fig. 480. Two such bells are snapended, 
as in fig. 481, firom a strong bent wire, the one bj a 
silk string, the other bj a fine wire. Between the 
two is snspended, by a BÜk thread, a Httle metaliic 
clapper, which can be made of a heavy button. The 
bell which is saspended by silk is pnt in commnnication witli the Soor, and 

Fig. 482. 





the wliole apparatns is hnng npon the conductor. With a little more 
ezpenditure of time and money, the bells may be hung npon an insulated 
stand, as seen in fig. 482, and polished and vamished. Of course, when 
Fig. 483. it is possible, bells which accord shonld be selected. 

(3) The eledrical fly, For this ezperiment, the little 
insnlated stand of the electrical needle, fig. 446, is nsed. The 
fly consists of an S-shaped brass wire, fig. 483, sbarpened at 
both extremities and snpported on the pivot by a Httle conical 
depression bored in the center; this needle is then bronght 
into commnnication with the condnctor by a chain. A 



Digitized by 



Googk 



PHT8ICAL EXPERIMSNTATION. 



279 



Fig. 484. 




simpler plan is to set the fiy on a piTOt fized in one of ihe holes of the 
eondnctor E. 

(4) Thß golden ßsh. A figare of 
a fish, fig. 484, ia cnt ont of tinsel, and 
fiistened with gnm to a edik thread. If 
the head be turned to the eondnctor it 
will be attraeted, bnt if the tail be pre- 
soited to the same, it will be repelled. 

(5) The ezpansion of a stream of 
water by electrical repnkion is readily 
shown hj means of a tin fonnel snspended trom the eondnctor; the ont- 
let is closed bj a cork, throngh which a capillarj tnbe passes. As soon 
as the machine is set in motion, the water, which before scarcely issned in 
drops, begins to flow ont rapidly. 

(6) The electrical dance. A nnmber of little balls of cork or elder- 
pith are laid on a metallic plate, which is placed at a short distance below 
a similar plate snspended f^om the eondnctor of the machine. It is well 
to have the npper plate tolerably thick ; it may be made of a circnlar 
board, well ronnded off at the edges, and covered with tin-foil pasted on 
smoothly, as in fig. 485. Fignres cnt ont of paper or pith may be snbsti- 
tnted for the balls, and the distance between the plates mnst then only 
slightly exceed the length of the fignres. The pith balls are apt to fly 
off from the plates ; it is, therefore, better to inclose them in a cylinder 

JFig. 486. 



Fig. 485. 





of glass closed above and below by a cover of pasteboard eoated with tin- 
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foil, npon whicb a chain from the condnetor is laid, fig. 486. Bits of 
paper or sand maj be nsed in the same manner, and the ezperiment is 
then called the electrical hail-storm. 

(7) The repalsion of simUar electricity is ezhibited bj fizing in the 
condactor or an insolated stand a wire, about 10 inches long, carrying at 
the npper end a small disk of wood coated with tin-foiL To this disk aie 
pasted alternate red and white strips of tissne-paper, 2 or 3 lines broad 
and somewhat shorter tban the wire, fig. 487. When the machine ia aet 
in motion the strips will spread ont like an ombrella. 
Fig. 487. 



Big. 488. 



9® 




(8) The electrical spark inflames spirits of wine, ether, or a mixtnre of 
oxygen and hjdrogen. For feeble machines, which give a spark of 2 inches 
or less, spirits of wine mast be previoaslj warmed, or lighted, and, alter 
being allowed to bam a moment, blown out again. Both spirits of wine 
and ether shoold be held in a capsnle or tablespoon near a knob of the 
condactor which is directed downward, or a stont wire bent into a ring and 
snspended from it, fig. 488. Ether need not be previoasly warmed. It 
generallj reqaires several sparks to cause inflammation, probablj becanse 
some of them go to the side of the spoon. Explosive gases are ignited 
in a metallic vessel like fig. 489 or 490, or eise in a small cannon, fig. 491 ; 
the latter is least liable to bnrst, bnt even for the one represented in fig. 
490, tbick tin plate is strong enongh, provided the capacity be not above 
20 or 30 cabic inches. A short tnbe ^, about 2 to 3 lines wide, is soldered 
to the outside of the apparatns, and into this a glass tobe ^ ^ is cemented; 
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the wire which passes throagh the tabe is beut at both ends to a ring, and 
plaoed abont 1 millimeter from the bottom of the Chamber. 

Fig. 489. * Fig. 490. 





Fig. 491. 




Before cementing the wire in its place, it shonld be ascertained by 
inspection whether sparks reallj pass from the wire to the vessel when 
the eztemal ring is connected with the condnctor. 

The pistol may be loaded either by mizing hydrogen gas directly with 
the atmospheric air, and then pressing in the cork pretty tightly, or by 
filling an ordinary bottle with the explosive gas and the pistol with peas, 
shot, or dry sand to displace the air ; the month of the pistol is then 
placed over the neck of the bottle and the sand shaken into the latter, 
holding the band tightly aronnd the necks of the two to prevent as mach 
as possible the escape of gas. In this way a mnch londer detonation is 
prodnced. The smallest electrical spark is safficient to ignite oxy-hydro- 
gen gas. In cbarging directly with hydrogen, care mnst be taken to mix 
it in proper proportion with the air, for a mixtnre of little hydrogen with 
mnch air will not explode. It mnst never be omitted to test the strength 
of the pistol beforehand with pare oxy-hydrogen gas. This is done by 
placing it behind a door, connecting chains with the pistol and the wire 
and 5, and discharging it by a Leyden jar. 

(9) One of the most striking experiments with the electrical macbine is 
made by placing a person on the insnlating stool and connecting him by 
a stont brass wire with the condnctor. The sparks are pecnliarly pnngent, 
both to the person insnlated and to one wbo receives them when they are 
drawn ont throngh the clothing. If a second person hold a spoon with 
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Fig, 492. 



ether, tbe person insulated can inflame it bj tonching it with his finger. 
If a secood pereon hold a metallic plate or simplj the band over tbe bead 
of tbe iDsalated one, bis bair will stand on end ;• and tbe same tbing will 
take place of itself if tbe bair be drj and tbe electricitj strong. 

(10) Fenelrating glas». A tbree or fonr onnce pbial is filled witb ofl 
and closed witb a cork, tbrongb wbicb a pointed wire 
is passed and bent, as in fig. 492, so tbat tbe point 
presses sligbtlj against tbe glass. Tbe pbial is theo 
snspended by tbe onter ring from tbe condactor. 
If a metallic knob be now snddenly beld near the 
point of tbe wire, a spark will pass tbrongb the glass, 
even wben tbe striking distance of tbe machine is 
only an inch. Tbe snbseqnent sparks pass tbrongb 
tbe apertnre to tbe nsnal striking distance. The 
same pbial may be used repeatedly, for tbe apertnre 
is exceedingly fine, so tbat it can only be seen with 
a lens ; and after Standing for days, only a drop of 
oil exndes tbrongb it. Under the microscope, the 
apertnre presents the same appearance as those made 
tbrongb tbe Leyden jar, wbicb will be mentioned 
bereafber. Unfortnnately, tbis ezperiment wbicb can 

be performed witb so simple means, is not adapted 
for illnstration before a class, becanse of tbe fine- 
ness of tbe hole. The wire sbonld not press too 
bard against tbe sides of tbe pbial, otherwise tbere 
is danger of breaking and Spilling the oiL 

(11) The hack stroke, A frog, wbicb bas jnst been stnnned by a blow 
on tbe head, is snspended by a wire from a condnctor in tbe neighborbood 
of the prime condnctor of tbe machine; as often as tbe condnctor is 
snddenly discharged, a twitching of the legs of the animal will be per- 
ceived. To make tbis ezperiment snitable for class illnstration, the 
machine mnst be yery powerfnl. 

[258] The distributioii of electricity over the surfEioe 

of condnctors, and the action of points, may be illnstrated by the proof 
plane applied to yarions parts of tbe snrface of an insnlated globe. The 
globe may be of wood coated with tin-foil, and snspended by a silken 
cord ; tbe tin-foil mnst be smootbcd with special care. A long cylinder 
may be employed for tbe same pnrpose. The electrometer used may be 
a gold-leaf or straw electrometer. The ezperiments can be easUy shown 
to a class, wben accnracy is not required. 

[259] The aotion of points may also be demonstrated by fasten- 
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Fig, 498. 




ing a fine needle to the condactor with wax. A candle flame is held 

agalnst this to show the effect of the electrical wind, and attention may 

be caUed at the same time to the difference 

in the length of the spark. The latter 

may also be done by holding a needle in 

the hand near the condoctor of the machine. 

Fig. 493 BhowB a yery convenient appara- 

tos for illnstrating the action of points. 

Into the board m m a bent glass rod is 

fixed, carrying on the npper end the block 

h, throngh which the sharp-pointed wire d 

18 passed. The wire fits tightly enongh to 

maintain any position. The wire termi- 

nates in the metallic ball e, 1 to 2 inches 

in diameter ; bat a tin ball cast in a ballet 

monld will answer. Opposite this ball 

another ball/is fastened to the board with 

a condactor. If the point of the wire be 

directed toward the charged condactor, 

it will silently draw off the electricity 

which passes to the second ball, in sparks 

of greater or less length, according to the 

distance. 

[260] Two contrivances may be employed to prove that electricity 
resides only on the sarfieu^e. One consists of a condncting globe, famished 
with two hemispherical caps, also condnctors, with 
insolating handles. The internal diameter of the 
Caps is at least ^ an inch greater than that of the 
globe ; and the latter is insalated on a glass rod or 
silk cord, which passes throngh incisions in the 
hemisphere, ^%. 494. The globe is electrified either 
before or after covering itwith the caps; in either case tho latter are 
gaddenly removed by drawing them qnickly in opposite directions, after 
first moving them so that they are not in contact with the globe. Only 
the hemispheres will be foand to be electrical The ezperiment is never a 
certain one, becanse one is yery apt in drawing off the covers to tonch 
them against the ball. The following apparatas is sarer. A strip of 
gennine gilt paper, the length of a sheet, and 2 or 3 inches wide, is 
pasted to a metallic cylinder m m, fig. 495, in both ends of which grooyes 
are tnmed. The other end of the paper is fastened aroand a piece of 
thermometer tobe a &, to which the ends of a sOken cord, abont 2 feet 
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long, are fastened, and which Supports also a pair of pith balls on linen 
thiead. The ends of another longer silk cord are passed throngli tlie 

Fig. 495. 





holes in the grooves r, fig. 496, 

and fastened by knots. If the 

gold paper be now wonnd aroond 

the cylinder which is held bj the 

cords in one band, and the cord 

attached to the paper be drawn 

with the other band, the cylinder 

mnst be wonnd np in its cords as 

the paper is nnroUed ; when the 

tension on the paper ceases, the 

cylinder will sink again by its 

own weight, and the gold paper 

rolls np again. If this take place 

while the cylinder is electrified, 

the pith balls approach each 

other as the paper is nnwoand, 

becanse the snrface is increased, 

This ezperiment reqnires a very dry atmo- 



(5.) EXPEBIXEHTS OH ELECTBICAL DTDITCTIOV. 

[261] Take either two brass wires, the thickness of a finger and 10 to 
12 inches long, ronnded ofif at their extremities and polished all over with 
pnmice and fine emery, or eise two larger condnctors of brass smoothly 
soldered. Cement these condnctors to green glass rods, 10 to 12 inches 
long, well coated with shellac vamish, and set in a wooden foot^ as in 
fig. 497. Fonr elder-pith electrometers with linen threads are tied by 
Silken strings to each condnctor. These ezperiments mnst be made only 
in yery favorable weather, and it is better in many cases to witlidraw the 
electricity from the condnctor of the machine with the finger, rather than 
to remove the other condnctor firom it so as to withdraw it f^om the 
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electrical atmosphere. A cake of rosin fiimishes a better source of 

electricity for sach ezperiments than the condactor of the machine ; OTon 

a rod of sealing-wax or glaas is 

preferable to this, becaose lese •^' ^^'^- 

actual transfer of electricity ^— — ^g— — — ~— — g— ^ 

takes place from them. To 

prove that the condnctor which 

is electrified by indnction has dif- 

ferent kinds of electricity at its 

two ends, an electrified pith ball 

is bronght near the condnctor at 

different points. If the condnctor 

be tonched with the finger while 

thns electrified, no matter at what 

point, it will show thronghont its 

whole leng^, but stronger in the 

nelghborhood of the indncing body, the contrary electricity ; if the finger 

be taken oiF and the indncing body then removed, the electricity which 

was before confined will distribnte itself over the condnctor according to 

the nsnal law, i,€. it will accnmnlate on both ends. The qnality of the 

electricity on the indnction condnctor may be most certainly ascertained 

by means of the proof plane, fig. 461, by commnnicating electricity with this 

to a delicate Bohnenberger's or gold-leaf electrometer, to which an excited 

glass rod is approximated. 

If both indnction condnctors be placed in contact end to end, and 
separated snddenly while in a State of indnction, each will possess bnt one 
kind of electricity, which is not the case when they are only placed near 



each other in a straight line. 

As the pith balls which are nearest the 
electrified body are strongly attracted by 
it» it is best to bring the excited glass 
tnbe, or whatever the electrified body may 
be, toward the indnction condnctor from 
above, or place the condnctor in a yertical 
Position, and employ only two pairs of 
pith balls, as is seen in fig. 498, where the 
indnction is prodnced by a cake of rosin. 
The condnctor mnst always be so arrang- 
ed that the hands may be free to examiue 
the qnality of the electricity. The in- 
dnction shonld, moreover, never be too 



Fig. 498. 
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strong, otherwise an error maj be cansed by a partial traoBfer of dec- 
tricity. 

Any delicate electrometer may be nsed for ezperiments on inductioii. 
As soon as an electrified body is bronght near it, it will show electricitj 
of tbe Barne kind as the excited body, becanse this is driven down into 
tbe lower end of the electrometer. With tbe removal of tbe electrified 
body the eridences of electricity disappear. 

If the knob of the electrometer be tonched with a condnctor wbile in a 
State of indnction, all signs of electricity disappear; bnt if the commnni- 
cation be broken before removing the exciting body, the electrometer will 
show the contrary electricty, after this is taken away. This is at once a 
simple and instmctive experiment for the doctrine of disgaised electricity. 
Connect the knobs of two similar straw electrometers by an insolated 
condnctor, (wire attached to sealing-wax,) then bring an electrified body 
near one of them and remove the wire while the indnction continnes, 
both electrometers will show, after remoying the indncing body, contrary 
electricities. 

J^. 499. Many experiments on the distri- 

bntion of electricity over snrfaces, 
the mntnal nentralization of two 
kinds of electricity, etc., may be 
made with two similar straw electro- 
meters, by electrifying one and con- 
necting it by an insnlated wire with 
the other, which is either not at au, 
or less strongly, or oppositely elec- 
trified. 

In illnstrating the doctrine of 
electrical indnction the fundamental 
experiments with the pith balls may 
be tried again, and attention called 
to the greater force with which an 
insnlated ball is attracted, than one 
not insnlated. 

[262] Disguised electri- 
city, — The theory of the Leyden 
jar is best illnstrated by the appara- 
tns fig. 499. A B lind E Ffkve two 
metallic disks, with tbick, ronnded 
rim, and well insnlated glass han- 
dies, one of which is fixed in a wooden foot The glass plate C D is 
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laid between them, extending at least an inch beyond tbe edges of the disks 
on eyery aide ; its edges need not be ronnded. Polisbed wooden disks, 
coYered smootblj with tin-foil, may be snbstitated for the metalb'c plates. 
Each plate is provided with an elder-pith electroscope, which can be easilj 
removed; for this pnrpose the npper one is snspended from a wire od a 
metallic foot, and the lower one from a hook. Take ^ ^ bj its glass 
handle and draw off a spark with it, and bring it near tbe glass plate CD 
while its balls are divergent, fig. 500, its balls will sink nearlj together, 
and those on JE? ^ will diverge ; condnct off the electricitj from E F, and 
the balls on A will sink to within an almost imperceptible distance. Take 
Ä B off, and both pairs of balls will diverge again. Condnct electricitj 
to ^ ^, by means of an insalated wire while resting on tbe glass plate, 
and both pairs of balls will diverge once more ; continne the cbarging so 
long as ^ ^ will receive any electricitj ; then tonch E F with a condnc- 
tor, the lower balls will fall together, the npper ones nearlj so, and Ä B 
will receive more sparks, etc. If the two plates be then connected bj a 
wire, a lengthened spark will be prodnced; bnt if the two be separated 
from each other and the glass and discharged, and the apparatns pnt 
together again, it will be fonnd still to contain a residual charge. A 
thin, uniform plate of glass mnst be selected, and the Charge not nrged 
too far for fear of a spontaneons discharge. 



Fig. 500. 



Fig. 501. 



Fig. 602. 



{K 




Tl 




A plate of glass, coated on both sides with tin-foil to within 2 inches of 
the edge, serves also to illustrate the theorj of the Lejden jar. It maj 
be set npright on a wooden stand, figs. 501 and 502, and a pith ball with 
linen thread attached with wax to the tin-foil. It is nsnallj charged bj 
holding one coating against the condnctor, while the opposite coating is 
tonched with the finger. 
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Bemove the plate from the condactor and toach each coating alteniately, 
the ball will fall to the coating each time on the aide which is tonched, 
and the other will ßj off. The margin of the glass shonld have aeTeral 
coats of aealing-wax yamish. This shonld be made with 90 p. cent 
alcohol and an excess of sealing-wax. When the coating has become so 
thick as not to show the glass anywhere, which shonld be effected by 
repeated rather than thick coatings, one or two coats of pnre shellac are 
applied to giye it a firm, glossy surface. Eren the best sealing-wax is 
apt to remain a little sticky on the BarfBce. 

[263] The Leyden jar: its oonstruction.— Wide-moathed 
specie jars are the best for the pnrpose. They shonld be of varions sizes; 
a small one, 4 to 5 inches high and 2 to 2^ inches wide, a larger one of 
abont 1 qnart capacity, which may be nsed as a measnring jar, and aeyeral 
others of different sizes, besides one of 2 to 4 qnarts capacity made of 
thick glass, for ezperiments with high tension. 

A greater effect is prodnced by one jar with a large coated sarface 
than by seyeral smaller ones whose aggregate snrface is eqnal to it» com- 
bined into a battery. For large jars, those which are high and narrow 
are preferable to wider and shallower ones, becanse they occnpy lesa space 
on ^e table. Economy of space shonld always be considered. Olasses 
of nniform thickness and free from bnbbles shonld be selected, as they are 
easily broken by a spontaneons discharge at thin spots or where bnbbles 
occnr — which will happen sometimes at all events, and makes it the 
more necessary to be able to constrnct jars for one's seif. Jars with 
thin glass are, indeed, preferable, bnt shonld only be nsed when qnantity 
of electricity is needed, which is obtained by increasing the nnmber of 
jars, and not for high tension. The jars designated for experiments with 
electricity of high tension shonld haye walls at least 1 line in thickness, 
and a broad nncoated margin. 

A greater qnantity of electricity may, it is tme, be also obtained by 
charging the jars to a high tension, t.e. tili they yield sparks nearly as 
long as those of the electrical machine ; but on acconnt of the imperfect 
insnlation, much electricity, and conseqnently time in charging, is lost, and 
with a small macbine this consnmes time enongh. One may easily satisfy 
himself how far a jar may be charged without loss of time, by insulating 
it well and connecting the onter coating with Lanne's self-discharging 
jar, the knobs of which are placed yery close together. When the nnmber 
of reyolntions necessary to canse a discharge of Lanne's jar increases 
rapidly, the qnantity of the Charge will not be increased in proportion to 
the labor expended, and it will therefore be better, when the snccess of an 
experiment reqnires it, to incrcase the nnmber of jars. Fonr sqnare feet 
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of coftted sorface are anfficient for all illastrations of the eifect of the spark, 
if the machine gire sparks at least 2 inches long. The uncoated margm 
rnnat be 3 to 4 inches high, to admit of considerable tension in certain cases. 

The nezt reqaisite after the glasa is tin-foil, which is, nnfortnnately, not 
to be had eyerywhere. Imitation silver paper is a bad sabstitnte for 
tin-foil, for the tin on it ia broken in many placea and the paper is a bad 
condactor. 

The tin-foil is paated on with thin starch. The paste ahonld be 
applied to the tin-foil yery thinly and the foil immediately laid on the 
glasa, coYered with a sheet of paper and preaaed down with a cloth 
roUed np into a ball, ao aa to lie amooth. Any bnbbles still remaining 
are caaaed by incloaed air or atarch ; they ahonld be cnt open with a 
aharp knife, and the foil preaaed ont amooth. Aa the bottom of the jara 
ia nsnally conyex within, the beginning is made with it : cnt a ronnd piece 
of tin-foil large enoagh to reach np a little way aronnd the sides, and 
make inciaions aronnd the edge. The sides are coated with nprighl atripa 
of tin-foil, not OTer 2 to 3 inches wide. When the inaide ia completely 
coated, begin on the ontside. Aa the bottom ia concave on thia aide, the 
tin-foil atretchea eyenly acroaa it; when the edgea are preaaed down, 
endeayor, by gentle friction with a cloth, to force the foil g^radnally into 
the cayity, which generally aucceeda nnless the cavity be yery deep. Any 
renta which occnr most be patched with foil.. When the coating is com- 
pleted, place the jar on the table and draw a line all aronnd it at a 
uniform height Cnt ofif the foil eyenly by this line, first ontside and then 
inaide. The amall jars and the meaanring-jar mnst haye an nncoated space 
aronnd the top, abont 2 inches wide, which shonld be coyered with shellac 
or aealing-waz yamish. The smaller ones may be preyionsly warmed. 
The nncoated margin of the larger jara mnst be 3 to 4 inches wide, and 
for high tension the margin mnst be 6 to 8 inches wide. The condacting 
wire shonld also be snrronnded by a glass tobe eztending from the knob 
into the interior of the jar. A coating of sealing-wax is yery nsefhl. 

After the jars are coated, make for each of those which are to remain 
Single a case of pasteboard, reaching to abont t^ to ^ the height of the 
coating, and coyer it inaide and ont with silyer paper. This seryes aa a 
protection to both coating and glaaa. A ring of thin brass wire may also 
be laid aronnd the jar just aboye this cose, to serye for attaching cbains, etc. 

Finally, procure from the tnmer a tight-fitting coyer of hard wood, 
throngh which the conducting wire is inserted, reaching nearly to the 
bottom of the jar. For this, brass wire 1 line in thickness is employed, 
or for yery large jars, wire 2 to 4 lines thick. The onter end of the wire 
terminates in a knob, ^ to 2 inches in diameter, screwed or soldered to 

19 
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the wire. The knob ghoold be hollow, and maj be made by any brass- 
worker. 

In case of need a ball of tin may be cast on the wire in a bollet monld. 
A piece of gold lace, or a conple of Utile chains, are attached to the 
lower end of the wire to connect it with the inner coating. The tops of 
the small jars and of Lanne's measnring-jar are cemented on. This is 
effected simply by coating the edge of the cover thickly with sealing-waz 
in Solution, and allowing the same to rnn in between the wood and the 
glass after applying the cover. The Covers shonld all be well vamished 
to Protect them from moistore. 

To combine several jars in a battery, place them in a box which will 
jast hold them all when placed in order, and coat it intemally with tin- 
foil, with which a brass ring commnnicates on the oatside. Then connect 
the inner coatings by brass wires extending firom knob to knob; the 
hooked ends of these wires mnst be mounted with balls as large as a 
bullet 

These, batteries are very convenient, because the inner snrfeces of any 
number of them may be connected by wires. They are not convenient for 
charges of high tension, for in this case one of the jars is freqnently broken 
by a spontaneous discharge, and one cannot always be found to take the 
place of the broken one. But batteries are, in fact, unnecessary, for any 
number of jars may be quickly placed together and united by a chain 
embracing them all. The inner coatings must be connected by thick brass 
wires beut into a hook at each end, and furnished with knobs. Gare must 
be taken to make the connection perfect 

Yery small jars are made of medicine phials, 

Fig. 503. coated with tin-foil only on the outside. Instead of 

the inner coating they are filled with iron or brass 

filings, or eise a thick Solution of gum is poured into 

them and spread over the surface to the required 

height, and then filings poured in and shaken up; 

what does not adhere is shaken out aller drying. 

The conducting wire is stuck through a cork. The 

wire of such bottles may be bent as in fig. 503. By 

holding in the last three fingers a piece of amalga- 

mated leather, with which a glass tube held in the 

other band can be rubbed while the bettle is held 

between the thumb and fore finger, the tube passing 

through the ring in contact with it, such a small 

bettle may be charged sufficiently to ignite ozy-hydrogen gas, and give a 

slight shock. 
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[264] The diSOharger.— The most convenient form of the dis- 
charger is that shown in fig. 504, in which the two wires b c and V c are 
connected bj a hinge at c, and each has its own insolating handle, by 
means of which the distance between the knobs can be altered at plea- 
snre. The arms mnst each be 8 to 10 inches long, to admit of their belng 
nsed for the largest jars. The handles are made of green glass rods, 
4 to 5 inches long and ^ to 1 inch thick, cemented into brass collars, 
which are soldered to the wire. When the discharger has only one handle 
attached to the hinge e, it is verj inconvenient, more so than the simplest 
Fig. 604. 

Fig. 505. 





form of the discharger. The simplest form is a small brass chain attached 
to a Short wire cast in a ball of lead or tin, and inclosed in a short glass 
tnbe. The chain is hnng aronnd the onter coating, and the ball applied 
to the knob of the jar. A more convenient arrangement is a wire, 2 to 3 
mUlimeters thick, fnrnished with two knobs and glass tubes, as seen in fig. 
505. The wire shonld be hardened so as to have some elasticitj. 

Fig. 506. 




[265] Henley^s universal discharger is a very convenient arrangement ; 
it is shown in fig. 506. It consists of two insalating colamns set in a 
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base-board, and sapportiog the oondactiDg wires, between which a moT- 
able stand is placed. The wires are so arranged as to slide back and 
forward in the caps of the glass columns, and a Joint permits them to be 
inclined at any angle. Thej mnst also be capable of being fastened in 
any position, which maj be done yerj easilj in the manner shown in figs. 
507 and 508^ in half the natural size. The piece a a, in which the wirea 
slide, tums aronnd the screw c between the heads b b, The whole may 
Fig. 601. Fig. 508. 



Fig. 509. 





be drawn tightly togetner bj the screw e. The wires need not necessarily 
terminate in knobs ; thej may simply be ronnded off. It is yery con- 
venient wben they have a small opening, as seen in fig. 509, in which fine 
wires may be fastened by a binding screw ; the rings at the other end will 
always serve instead of the balls, by inverting the wires. The little 
stand need not be insnlated, bnt it is convenient in some experiments to 
have a glass plate large enoagh to cover the top. It is also conyenient 
to have the stem made of brass, eztending down throngh the base. 

[266] The discharging electrometer, or Lanne's meas- 

urillg-jar« — To make tbis, select a jar holding 1 to 2 qaarts, of clear, 
thin glass, and coat it to within an inch of the edge, as it will never be 
nsed for cbarges of high tension, and it mast be so arranged that a 
discharge will take place over the edge sooner than throngh the glass. 
It is very advantageons to nse always the same jar — ^the same measnre of 
the Charge — for this pnrpose. The cover mnst be fastened on, because 
the knobs mnst retain their relative positions nnchanged. The jar, with 
its case of pasteboard, is placed on a board excavated ^ of an inch to 
receive it, fig. 510; and into the same base the wooden colnmn a, fig. 511, 
is fastened, which ends in a wooden clamp with a binding screw, of which 
a front view, half the natural size, is given in fig. 512. This clamp is 
arranged to hold a brass wire c a line in thickness, and terminating in a 
ball at one end, at any given distance from the knob of the jar. These 
distances are marked in tenths of an inch on the wire itself. As the wiie 
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may be bent, or the colnmn a warped, the distances between the balls 
may also be measnred wlth a pair of dividers, and the wire adjasted by 



Fig. 610. 





Mg. 612. 




a fine thread cat on it. The wire c is either connected with the onter 
coating of the jar by a small brass chain, or, still better, by a strip of 
tin-foü passing down the colamn and along the board to the jar. 

The Charge of a jar or a battery is measnred with Lanne's jar, by insa- 
lating the jar or battery, and connecting its onter coating with the inner 
coating of Lanne's jar, while the knob of the wire c is placed at a very 
small distance from the knob d of the jar. When the same number of 
sparks have passed over in two dififerent cases, the charged jars haye the 
same qnantity of disgnised electricity, let their size and nnmber be what 
they may. The condition of the electrical machine may also be examined 
by means of Lanne's jar, by observing how many revolutions are required 
to efifect a discharge at different times with the same distance between the 
balls. In the same way two machines may be compared with each other, 
bat only in respect to qnantity. 

[267] Experiments with the Leyden jax.—Oeneral obser- 

vations. A distinction mnst be drawn in general between experiments 
which reqaire electricity of high tension and those which reqnire qnantity : 
to the first class belong all mechanical efifects, such as breaking throngh 
glass ; to the latter, the evolntion of heat in good condnctors, like the 
bnming of gold-leaf between glass, etc. It is, moreover, a good plan to 
make every experiment which reqnires long-continned tnming of the 
machine, with insnlated jars, and connect the onter coating with the 
measnring jar, the balls of which preserve a constant interval. If the 
experimenter knows then how many discharges of the measnring jar are 
necessary to Charge the larger jar snfficiently for a given pnrpose, he can 
proceed mnch more certainly in subseqnent experiments, and loses no 
time either by a prematnre discharge or by snperflnons labor. The nnmber 
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of tnrna of tlie crank is, on aocoant of tbe variable condition of the atmo- 
spbere, and otber distnibing inflaences, not so safe a gnide. Henley'a 
qnadrant electrometer, fized on tbe condnctor, g^ves mncb more reliable 
indications wben a known jar is sofficienüy cbarged. It is indifferent 
wbether tbe jars be ebarged with positive or negative electricity; if tbe 
macbine affords botb, cboose tbe stronger, wbicb is often tbe negative, 
since, as already mentioned, certain sonrces of loss do not ezist on this 
side wbicb occar on tbe otber, e.g. tbe loss in passing from tbe robber to 
tbe condnctor. 

If it be necessarj, for any pnrpose, to cbarge a jar witb negative 
electricity and tbe macbine affords only positive, one bas only to bold the 
jar by tbe knob, and let tbe positive electricity pass into tbe onter coating 
wbile tbe jar is beld np in tbe band, or Stands on an insulated sapport 
It mnst, at all events, be set down on an insnlated sapport; if tbis pre* 
cantion be neglected, tbe cbarge will pass tbrongb tbe arm. Tbe cbaige 
prodnced in tbis way is somewhat weaker than tbe positive cbarge. 

Tbe spark always seems to go Irom tbe side on wbicb free electricity is 
accmnnlated. 

Tbe interior of tbe jar is connected witb tbe prime condnctor by biass 
wire, 2 lines in tbickness, ronnded off and bent into a book at eacb end. 
Several of tbese wires of different lengtbs sbonld be provided, some of 
wbicb may bave tbe books placed at rigbt angles to eacb otber. A con- 
siderable loss of electricity is incnrred by nsing tbin wire for connecting 
tbe inner coating witb tbe condnctor, as may easily be proved witb Lanne's 
measuring-jar, by connecting an insnlated jar at one time by tbick, and 
anotber time by tbin wires, and conntmg tbe nnmber of tnms wbich 
gradnally become necessary to cause a discbarge as tbe tension increases. 

Cbains mnst be entirely avoided for tbis purpose. They are veiy soit- 
able for connecting tbe onter coatings, and for connecting tbe onter 
coating witb tbe discbarger and tbe varions parts tbrongb wbicb tbe 
sbock is to pass. Tbe simple brass cbams nsed for tbis pnrpose cost 
little more tban tbe price of tbe wire. 

It sbonld be remarked, tbat tbe effect of tbe discbarge is much in- 
creased by hringing the knob of the discharger suddenly near the knob 
of the jar, as if abont to strike it ; tbis precantion is necessary wben tbe 
force of tbe cbarge is only barely snfficient for tbe reqnired pnrpose. 

[268] Experiments with the Leyden jar.— (i) Perfo- 

rating paper, Smgle cards can be perforated witb very ligbt cbarges. 
Tbe Card is laid against tbe onter coating of tbe jar and one knob of the 
discbarger, figs. 504 and 505, beld against it wbile tbe otber is snddeoly 
brongbt near tbe knob of tbe jar. To perforate several cards at once it 
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ig more convenient to place thein between the baUs of Henley'B imiYenal 
discharger. 

(2) Perforaüng glaas. In thia ezperiment electricity of high tension 
ig reqaired. It can be effected withont difficulty with a jar having only 

7 or 80 Square inches of coated surface, if the margin of the jar be 6 er 

8 inches wide, and the electrical machine give sparks 2 inches long; 
whereas with less tension, t,e. with a margin only 3 or 4 inches wide, 4 
sqnare feet of snr&ce are not enongh to effect it, the jars in both cases 
being charged as highlj as possible. The glass perforated mnst be a pane 
of ordinaiy window glass, at least 6 inches sqnare, otherwise the Charge 
will go aronnd it 

The best plan is to wind a wire aronnd the stem of the stand on 
Henlej's discharger, fig. 607, and allow one end of it to reach to the 
middle of the plate, while the other, bent into a hook, is connected with 
the onter coating. If the stem of the stand be of metal, it is only neces- 
sary to attacb the chain to it The pane of glass is laid on the stand, and 
one or two inches of its snrface smeared with oil to make it insalate 
better. A pointed wire screwed 
into the rod of the discharger is ^' 

laid on the glass opposite the 
middle of the stand, fig. 513, so as 
to press npon the snrface with some 
force. The other end of the rod is 
connected by a chain with the knob 
of the discharger, which is held in 
the band and laid on the knob of 
the jar. 

(3) Wood may be perforated in 
the same way. The board shonld 
be Tamished on both sides. 

(4) To bunt glass iubes reqnires 
a greater qnantity of electricity, bnt is easily effected. Brass wires, bent 
into hooks at the ends, are inserted throngh two corks fitting tightly into 
the ends of a green glass tnbe, which is filled with water and the corks 

Fig, 514. 




pressed in tightly, fig. 514. The ends of the tnbe shonld be contracted 
over a spirit-lamp, the corks then fit tighter, and the tnbe is not so apt 
to burst in driving them in. The ends of the wires are placed abont 2 or 
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Fig. 615. 




3 lines apart, and the apparatns interpolated in a chain connecting the 
onter coating and the simple discharger. As the fragments of glass are 
sometimes thrown to a considerable distance, some arrangement mnst be 
made to prevent this. Even open glasses may be barst bj an electrica! 

spark, bat a tolerably strong Charge and 3 
or 4 sqnare ieet of coating are necessary to 
effect it. The arrangement is made some- 
what as shown in fig. 516. The wires are 
bent so as to hold on to the glass by their 
own elasticity, and their ends broaght with- 
in 2 or 3 lines of each other. The glass is 
often broken off at the stem, anless the stem 
taper gradaally. ^ 

(5) MelHng iron mre. This experi- 
ment, to sacceed withoat powerfal appara- 
tas, mast be made with wire mach finer 
than can be parchased. A piece of wire 
aboat 3 inches in length may be laid in 
nitric acid so as to project at both ends, and eaten down to the reqaired 
fineness ; it is then washed off with water, and its thick ends fastened into 
the rods of the universal discharger. A good Charge is still reqaired to fose 
the wire, bat it may be effected with 4 to 8 sqaare feet of coated sarface. 

(6) Ignüing gunpowder. Bore a hole, ^ to 1 inch in diameter and 1 
inch deep, in a block of hard wood ; introduce into the bottom of this two 

fine brass wires through holes in the 
^- ölß« sides, and let the ends of the wires be 

abont 2 lines apart, fig. 516. Poor 
powder in loosely and press a tolerably 
tightly fitting cork directly npon it 
Tie a piece of ordinary twine, 3 to 5 
inches long, and thoroaghly moistened, 
to one of the wires, and attach the chain of the discharger to this ; this 
interrnption is not necessary on the other wire. Withoat this precaation 
the experiment will not sacceed. The Charge reqaired is aboat the same 
as in No. 4. 

Gan-cotton may be ignited in the same way, with aboat ^ the Charge 
necessary for gunpowder. The cotton mnst be placed between the end 
of the wires. This experiment may be made with the weakest machines. 

(7) MeUing gold on glass. Have a strip of gold-leaf laid on a piece 
of even glass, as in fig. 517. This may be done by laying the glass, 
previonsly moistened with the breath, on the edge of a leaf of gold, and 
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drawiDg a right sharp, clean, drj knife aloDg the edge of the glass; the 
ezcess of gold-Ieaf is then cnt away from the glass. The glass is 
coYered with another similar piece and laid between two strips of feit, one 
of whieh is coated at both ends with tin-foil eztending to the glass. The 
^^. 51T Fig. bis. 





Strips are then tied firmly together, or screwed np in the little press, fig. 
518. This press consists of two boards aod fonr wooden screws, which 
serve at the same time as feet ; the female screw is cat in the npper board. 
Strips of tin-foil a are pasted on opposite sides of one of the boards ez- 
tending some distanee over the inner snrface, and wire hooks are driven 
in throngh them. The coated ends of the feit are laid on these strips and 
the screws drawn moderatelj tight The apparatns is intercalated in the 
chain connected with the onter coat of the jar. The glass is generallj 
shirered and the gold pnrple is bamt into it This experiment does not 
reqnire so strong a Charge as to ignite gunpowder. 

(8) Cambustion of metallic ribbons. Wires of other metals than 
iron and platina can onlj be fased with powerfal machines and large 
batteries ; bat a strip of fine tin-foil, abont ^ line wide, makes an experi- 
ment which is SQCcessfnl even with a feeble apparatns. A strip of this 
width, and an inch or two long, fastened between the rods of the universal 
discharger, is bamt by the electric spark, and the oxide forms a light 
white cload. The metallic coating on genuine and Imitation gold and 
silver paper may be bamt in the same way ; false gold paper reqaires a 
rather stronger Charge. If the strips are inclosed between strips of white 
paper in the little press, fig. 518, so as to tonch the slips of tin-foil, they 
will leave colored streaks on the paper. Similar bat broader streaks 
are made when fine wires are melted between the points of Henley's dis- 
charger over a sheet of paper. 

(9) Ignüing resiru Palverize resin finely and mix it intimately 
throngh a wad of cotton, the size of a wahiat, by rolling the cotton in the 
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Fig, 519. 



powder, pickiog it to pieces and rolling it together agaia repeatedlj. 
Laj a ball in a flat metallic capsnle on the stand of the aniversal dis- 
charger connected with the onter coating of the Lejden jar, and place 

the ball of one of the rods of the dis- 
charger so as to stand 1 or 2 lines aboye 
the cotton. If the discharger have no 
ball on the end of the rod, a small ball 
with a bent wire shonld be screwed into 
it, as Seen in fig. 518; the chain of the 
ordinary discharger is then connected 
with the rod, and the charge passed 
throngh the cotton. A mnch lighter 
Charge is reqnired than to ignite gon- 
powder. 

If the cotton be wrapped aronnd the 
wick of a wax candle placed between 
the knobs of Henlej's discharger, the 
candle maj be lighted by the spark. 

(10) A lighted candle placed between the knobs of the discharger will 
be extingnished by the shock ; one just eztingaished will be relighted by 
a yery streng charge. 

(11) The thunder hoiLse. Make a little wooden tower a a, fig. 520, 
with a movable pointed roof, throngh which the wire c d, terminating in 

Fig. 520. Mg. 521. Fig. 522. 







little knobs at both ends, extends downward to within a short distance 
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from the capsole e e, filled with alcohol or ether, which is connected by 
> the wire F with the onter coating of a jar. A slight Charge is snfBicient 
to inflame the contents of the capsnle. 

An electrical pistol of tin may be placed in the bottom of a dmilar 
tower, the roof of which will be blown off by the discharge, fig. 521. If 
the tower be proYided with a condnctor well connected at a and 5, fig. 
622, the two parts of which fit with slight friction into each other at the 
bend, as seen in fig. 528, the explosive gas will not be ignited if the con- 
dnctor is good enongh to carry off a slight Charge. If, however, too 
thin a wire be inserted between a and b, the Charge will be divided, and 
the gas will be fired. The chain of the discharger shonld be attached to 
the wire at the apex of the roof The pistol shoald not hold mnch gas. 
This experiment is especially instructive for the theory of the llghtning- 
rod. It may be performed more simply withont the tower, the condnctor 
Fig. 523. Fig, 524. 



Fig, 526. 





of which is troublesome on acconnt of the roof being blown off, by fasten- 
ing to one limb of the discharger two wires a &, fig. 524, one of which is 
connected with the knob of the pistol, and the other directly with the 
outer coating of the jar, the pistol itself being also connected with this. 
If the wire b be thick enongh, the charge all passes throngh it, bnt if it be 
too slender, a part of the charge will pass throngh the other wire and 
discharge the pistol. This wire shonld be short and kept stretched dnring 
the discharge, to insnre a good connection. The striking distance within 
the pistol mnst not be too short. 

(12) The electrical mortar. In a cylinder of boxwood, shown in fig. 
626, of ^ the real size, bore a hole, with a hemispherical enlargement 
above, to receive a ball of ivory, wood, or elder-pith which lies loosely in 
it so as to dose the month of the tnbe entirely. Pass two wires, abont 
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1 line in thickness, into the cavity, about tbe middle of ito length, and 
inBert them in the connection between tbe inner and tbe onter coatinga. 
Tbe ball will be thrown ont witb more or less force aocording to its 
weigbt and tbe strengtb of the cbarge. Tbis very instrnctiye ezperiment 
sncceeds witb a verj moderate cbarge, if tbe ball be of pitb. 

(18) Fhysiological efects. To give tbe sbock to a nnmber of persons, 
let tbem join bands, and tbe first one taking bold of tbe cbain connected 
witb tbe onter coatiDg of tbe jar, let tbe last toncb tbe knob of the jar 
witb a wire ending in a koob. Tbe cbain mnst be of considerable length, 
80 tbat tbe jar will not be jerked over. The greater tbe nnmber of per- 
aons, tbe beavier tbe cbarge mnst be. The effect is diminished somewhat 
toward the middle of the row, becanse a portion of tbe cbarge goes 
tbrongh the floor. For tbis reason one sbonld beware of approachiog too 
near to the parts connected witb the inner coating of a beavily charged 
jar, when separated from the onter coating only by a small space of the 
floor. The effect of tbe shock npon men is exceedingly yariable, according 
to their Constitution. The effect of a certain cbarge npon onraelves 
sbonld always be known before giTing the shock to otbers; rery nnpleas- 
ant effects might otherwise be prodnced. One has inyoluntary oppor- 
tnnities enongh to gain such experience, so tbat the precaution is onlj 
necessary witb machines and jars whose power is not known. 

In Order to make the ezperiment of killing animals by an electrical 
shock, the extremity of tbe vertebral colnmn mnst be connected with tho 
onter coating of the jar, and one knob of the discbarger laid on the bead 
of tbe animal, wbile the other is snddenly broaght near tbe knob of the 
jar, so as to pass the cbarge tbrongh the brain and spinal marrow. 
Cats and other animals of tbis size can only be killed by a powerfnl appa- 
ratns. Birds are killed more easily, if it be deemed necessary to make 
such experiments at all. 

(14) The following experiment is interesting as illnstrating tbe action 
of tbe apparatns for giying shocks by galyanism, and its connection with 
tbe physiological effects of the Leyden jar. Set the knobs of Lanne's 
measnring-jar, abont ^ to ^ millimeter apart, and place tbe person who b 
to receive tbe shock, or a wbole row of persons, in commnnication with 
tbe onter coating of the jar on one side, and witb tbe wire c, fig. 511, on 
tbe other side, baying first intermpted the connection of tbe wire with 
tbe onter coating. A Single discharge of tbe jar will scarcely be per- 
ceived, bnt if the discharge be tnmed rapidly, nnmerous discharges sncceed 
each other at exceedingly minnte interrals, and the effect is tbe same asis 
prodnced by an indnction apparatns witb tbe lightning wheel. 

(15) To sbow the effect of tbe electrical cnrrent from tbe Leyden jar 
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on the magnetic needle, pass the Charge throagh a multiplier of very 
long, fioe wire, (at least 200 inrns,) interposing several inches of wet 
hempen twine in the circoit It oeeds oulj a moderate Charge. 

(16) To magneHze aleel by an electrical shock, coli fine, well-wrapped 
wire closely around a small glass tabe, 2 or 8 inches long, and yanÜBh it ; 
solder to eaeb end a piece of thicker wire bent to a hook. Lay a piece of 
Steel knitting-needle, the length of the tnbe, inside of it, and pass the 
Charge firom a jar throagh the wire. If the charge be not too strong, the 
needle will have its north pole where it shonld be according to Ampere's 
theorj. With a strenger charge, yariations will oocnr, which cannot 
be ezplained in this place. 

(17) Induction by the Leyden jar. Have two circnlar boards made, 
10 inches in diameter and 1 to l^ inches thick; thej shonld be made of 
two or three thinner pieces glned together so as i^ot to warp, and tnmed 
round on the lathe, and planed even on one side. On the even side cnt 
concentric grooves, ^ inch deep and ^ inch apart, and connect them so as 
to form a spiral, as shown in fig. 526. The grooves mast be cnt sjmme- 
trically in both boards, so as to fit together when laid npon each other. 

Fig. 526. 




Yarnish the grooves and lay a copper wire, abont 2 millimeters thick, in 
them, and fasten it down with little pins driven in slanting. Pass one 
end of the wire throngh the board near the middle, and bring it toward 
the edge on the ontside ; carry the other end of the spiral over the inner 
snrface so that the two ends will come near together, and fasten both 
firmly by driving in staples. Then fiU the grooves with resin or shellac 
melted In with a hot iron, so as to project above the snrfoce of the board. 
Smooth off the snr&ces clean and vamish the boards with shellac, which 
will impart a gloss to the resin also. Fnmish one of the boards with 
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three low feet, and the other with a knob to senre as a handle. Thej 
need not be insnlated, ezcept for experiments where measnrements are to 
be made, and then only the lower one. Eren the lajing the wires in 
resin might perbaps be dispensed with; at all events, I have hitherto 
nsed such a coating for one disk only. The experiment iß made by lay- 
ing a plate of glass between the boards, bringing the two ends of one 
Spiral near together, and discharging a jar throngh the spiral in the other 
disk. At eaeh discharge a spark will be seen to pass between the ends 
of the other wire. If a person complete the circnit of the second wire, 
he will reeeive feeble shocks. It is desirable, thongh not necessary, to 
make the connections with binding screws. Fig. 527 shows the apparatos 
complete. 

Fig. 527. 




(18) Slow discharge of a Leyden jar, This experiment is very well 
adapted to illnstrate the action of points. Attach a chain to the onter 
coating of the jar, and hold the end with a fine needle between the tbnmb 
and fore finger. Present the point of the needle to the knob of the jar : 
it will be gradnaUy discharged, and the point of the needle will be lamin- 
ons in the dark. 

(19) Electrical breaih images, Upon a small stand lay a coin, and 
npon this a piece of common window glass wiped clean, and npon this a 
second coin exactly covering the first. Place the end of a wire bent into 
a ring nnder the lower coin, and bend the other end of the wire over 
toward the other coin, so that its ring will stand abont a line from it 
Set the stand nnder the condnctor of the electrical machine and let a chain 
hang down to the coin. As the machine is tamed, discharges of the 
little apparatns will take place in qnick snccession. After several handred 
snch discharges, take the little apparatns apart, and the glass, when 
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breathed ob, will show the impressions of both coins. These Images are 
often visible when the glass is breathed od, after the lapse of many months 
and after being repeatedly wiped. 

[269] The electrophorus.— This is generally made at home. 
The monld maj be made either of wood or tin. In the first case, a 
wooden rim is taeked to a round disk of dry wood, so as to projeet abont 
i inch aboye the bottom ; the whole monld is then covered, inside and 
out, with false gilt paper or tin-foil. Tin monlds are mnch more easily 
bent than wood, and ihej expand more by heat, cansing the cake of resin 
to crack in every direction. Wood expands most from moistnre, espe- 
cially in the direction perpendicular to the fibers, bnt this may be pre- 
vented in great part by selecting well-seasoned wood, and coating it 
thickly with hot oil vamish ; it may warp somewhat during this process, 
bat shonld be planed off even and yamished again. 

The materials nsnally prescribed for the resin cake consist of yarions 
mixtnres of shellac, pitch, wax, rosin, tnrpentine, etc. It is yery doabtfnl 
whether the proportions of these are the result of extensiye experience, 
and the ingredients are in themselyes incompatible. What good can tnr- 
pentine, rosin, and pitch do together, since rosin is only pitch freed from its 
oil of tnrpentine, and of itself a brittle snbstance ? Shellac is nnqnestion- 
ably the most snitable snbstance, and needs only an admixtnre to render 
it less brittle. This is effected completely by a mixtnre of 5 parts shellac, 
with 1 part of wax, and 1 of pitch; 5 shellac with 1 wax, or 5 to 10 
shellac and 1 pitch wonld probably answer as well. The mixtnre giyen 
aboye certainly fnmishes a mass which is not brittle, and yery electrical. 

The materials shonld be melted in a shallow earthen pot or a brazen 
pan, and the more fnsible ingredients melted first oyer a gentle eqnable 
beat: the shellac may then be added in snccessiye portions, increasing the 
beat gradnally and stirring constantly, waiting nntil each portion of shellac 
has become at least pasty before adding more. By exposing the shellac 
to the heat too suddenly, it assnmes an almost inihsible condition. 

Before filling the monld it shonld be slighüy warmed, so that the mass 
may not cool too rapidly, and set leyel. It mnst be filled to the brim. 
It is not easy to preyent the formation of bnbbles on the snrface, bnt 
they occnr mostly aronnd the edge, and may be remoyed by holding a red- 
hot iron oyer them and melting them down, so that the projection disap- 
pears and they form only shallow cayities with a ronnded margin. Snch 
Spots do no other injnry than diminishing the snrface of the electrophorus. 
Instead of melting down the bnbbles, they may be pared off with a sharp 
tool. 

Such an electrophoms soon becomes cracked, on acconnt of the nneqnal 
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expandon of the form and the reBin : those made of wood crack in the 
direction of the fibers of the wood ; the tin ones, in erery direction. So 
long as the cracks are not too namerons they do not render the instra- 
ment worthless, thongh they impair its effect When its action becomes 
too feeble, it mast be melted over again, which may be done by passing a 
mass of red-hot iron orer it, within an inch of the sarface. A plowsbare 
answers the parpose very well; or a piece of sheet iron larger tban the 
form may be held abont an inch above it, and coals heaped npon it 
Gare mnst be taken not to soll the sarface with ashes. Babblos often 
form daring the fosion, and mnst be remoTed as before directed. 

These difficalties may be avoided by haying the cake of resin free, and 
withoat a case ; when in ase it may be laid on a smooth board coated 
with tin-foiL The monld for sach a cake may be made of paper. Both 
sides of the cake are afterwards to be groand smooth with sand and water 
on a stone or plate of glass, nsing very fine sand at last It may be 
polished with a strip of feit tacked to a board, and Tripoli and water; bat 
this is not necessary. The edges may be roanded with a knife and file. 
The bnbbles may be groand away, bot this is snperflnons labor; tarn the 
deaner side, which was beneath in casting, above for ase. The sor&ce 
of the resin need be perfectly eyen and highly polished only when the 
electrophoras is reqaired to retain its electricity for weeks together even 
when coTored. 

Sach an electrophoras shoald be kept lying horizontally on a boaid, 
oiherwise it may bend by its own weight in the heat of sammer. 

Gatta-percha has not kept its repatation as a material for the electro- 
phoras long: it becomes crambly; gatta-percha paper falls to rags, and 
an electrophoras made of it famishes from the oatset less and less electri- 
city continaally, and may ander certain circnmstances even yield positive 
electricity. 

In respect to the size of the electrophoras one mast be moderate. Its 
effect is always feeble, and especially so in charging a jar, even when its 
Btriking distance is considerable. An electrophoras 10 to 15 inches in 
diameter, will answer any reasonable demands. One with a 2-inch plate 
will yield sparks ^ an inch in length. 

The Cover of the electrophoras shoald be 2 to 4 inches less in diameter 
than the cake of resin. It is made either of a smooth plate of metal 
(zinc is the cheapest) with an aptaroed rim soldered on, or of a disk of 
well-seasoned wood, ^ an inch thick, well-roonded at the edges, and 
coated with tin-foiL The simplest insalating handle is three silken cords. 

The electrophoras is ezcited by beatiog it with a foxtail, or a catskin 
held by the foar paws and made to glide over the cake at every stroke. 
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In winter the electrophorns mast be warmed before anj electricitj can 
be obtained from it When the cake gives litüe sparks to the knackle, 
it is snfficiently electricaL In laying on or removing the cover, it mnst be 
held paraUel to the cake, and shonld be tonched with the finger after 
laying it on, npon which it will emit a small spark. By tonching the 
Cover and case with the thnmb and finger at the same time a shock will 
be feit, and this takes place also when the case is tonched with one finger 
and the raised coyer with the other. 

The electrical condition of the coyer may be ascertained by placing the 
electroscope of the npper plate, fig. 499, npon it, and making a trial with 
a stick of sealing-wa^ To test the electricity of the case, it may be insn- 
lated. It may be done more readily, however, with the gold-leaf electro- 
meter, fig. 452, by screwing on the plate of the condenser instead of the 
npper knob, and laying on it a cake of resin a little larger than the plate. 
If this cake be stmck gently with a small piece of catskin, the gold leaves 
will diverge, and the qnality of the electricity may be ascertained by 
bringing a stick of sealing-waz near the lower knob, which is connected 
with the bent wire. The second condenser plate may be nsed as the 
coyer of the electrophorns. If the plate be tonched, the gold leayes fall 
together, bnt they diverge again when the resin cake is taken off, or the 
coyer laid on. If the coyer be laid on withont tonching the plate, the 
leayes will fall. The electrical condition of the second plate, nsed as a 
coyer, may be inyestigated by imparting electricity from it, by means of the 
trial plate, fig. 461, to a second electrometer, or connecting it with this 
by an insnlated wire. Bohnenberger's electrometer is the best one for 
this pnrpose. 

Althongh an electrophorns may easily be made to giye sparks an inch 
long from its coyer, the qnantity is always small, and the charging of eyen 
small jars proceeds yery slowly with it The fundamental phenomena of 
electricity may, neyertheless, be all shown with this cheap apparatns. The 
electrical chime may be set in motion by holding the knob of the charged 
jar against it To Charge a jar with negative electricity, it mnst be held 
by the knob, as already ezplained in § 267. 

[270] Lichtenberg'S figures. — These are prodnced in the follow- 
ing simple manner: Describe any fignre npon a cake of resin, with the 
knob of a positively, or moderately negatively charged jar, held by the 
onter coating; dnst semen lycopodii over it from a ganze bag, and blow 
away with a fiui, or the breath, what does not adhere. The fignres are 
yery permanent; they show themselves again after the snrface has been 
freed from all dnst, and dnsted over again. Flowers of snlphnr may 
be nsed instead of lycopodinm ; both attach themselves equally to positive 

20 
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and negatiye figares. If red-Iead be strewed oyer the snrfoce, a poeitiYe 
figüre onl j becomes Tisible bj wiping the dast off it ; it then shows black on 
a red groand. If positive and negative figares be drawn on the same sor- 
face, and red-lead and flowers of snlphnr strewed over it at the same time, 
the latter sticks chiefly to the positive figores, and the former to the negative. 



Fig, 528. 



This ezperiment does not sncceed 
well on an old, long-osed snrface; 
it mnst be melted over, at least 
snperficiallj. To make small figares, 
it is best to melt the resin on a sheet 
of tin, apon which it can qaickly be 
remelted after each experiment 
The mass need not be over ^ a line 
thick, and impare resin answers best, 
being less brittle, bat the ezperiment 
will sncceed with any resin. 

[271] The condenser.— This 

indispensable instrnment is attached 
immediatelj to an electrometer. For 
the sake of convenience, the lower 
plate shonld be capable of being 
screwed on anj of the varions elec- 
trometers, instead of the knob, fig. 
628. Take for this parpose brass 
plates, aboat a line in thickness and 
2 inches in diameter. It is yery 
anadvisable to make the plates only 
an inch in diameter, as is commonly 
the case in those pnrchased in the 
Shops, since the effect increases in 
mach greater ratio than the sarface. 
In galvanic experiroents, smaller 
plates will also be needed. On one 
plate solder a brass socket to reeeive 
a glass rod, 3 to 4 inches long ; on 
the other solder a small plate, in 
which a female screw is cat to fit 
the thread of all the electrometers. 
Fig. 529 shows this plate and the 
stem of the electrometer. Tarn off 
the plates smooth aud grind them on a piece of plate glass with emery; 




Fig, 529. 
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polish them finallj with fine pamice powder and water on tbe lathe, to 
giye them a metallic Inster and circnlar streak. The edge mnst also be 
ronnded on the lathe. When the plates are too thin, thej are very hard 
to grind eyen, becanse the onter edge bends np continnallj; snch plates 
shonld be snpported dnring the grinding and tnming bj cementing them 
to a block of wood of the same size, which will serre also as a handle in 
grinding. 

Especial care mnst be bestowed on yamishing the plates. A coat of 
moderate thickness, which is generallj snfficient, may be applied on the 
lathe. When a thicker coating is reqnired, it is better not to warm the 
plates preyionsly, for it is yery difficnlt to laj a coat of vamish eyenlj on 
a heated snrface : laj the plates leyel and bmsh them oyer with a toler- 
ablj concentrated solation of shellac, which has, in this waj, time to spread 
itself nniformlj oyer the snrface of the plate. The yarnish becomes 
glossy when dry. A second coat may be applied in the same way, with- 
ont distnibing the first. A piece of fine sponge is more snitable for 
yamishing than a bmsh. The yaroish on the plates of the condenser 
mnst neyer be too thin. 

If the edges and npper snrface be Fig, 530. 

yamished, it shonld be done preyionsly, 
and the yarnish applied warm. A 
condncting wire with a ronnded end 
mnst^ in this case, be screwed into the 
edge of the plate and left nnyamished, 
fig. 530. It 16 conyenient to haye snch 
wires on both plates ; they need not be 

more than 1 or 2 millimeters thick. They are desirable becanse their 
ends can easily be cleaned with a file, which is not so easy with the plates, 
which are soon soiled by contact with the fingers, often pnrposely wet, 
and both their appearance and effect is injnred thereby. On the other 
band, the wires haye the disadyantage that they are in the way and apt 
to cause a displacement of the plates. A good condenser shonld retain 
a weak Charge at least 12 honrs in good weather. 

Condenser plates of copper and zinc are needed in galyanic ezperiments; 
it may therefore be as well at once to make one plate of copper and the 
other of zinc, and to make the rods also of the same material, as it is 
immaterial in other ezperiments what kind of metal is nsed. In this 
case, howeyer, both plates mnst haye female screws. The handle is made 
of a glass tnbe sealed at one end; a wire fnmished with a screw is 
cemented into the other. The whole tnbe shonld be filled with bits of 
sealing-waz and heated oyer a lamp so as to coat the inside entirely. 
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The Upper plate most always be held parallel to the lower ooe in liftmg 
itoff. 

In charging one plate, the other most always be tonched with a con- 
dactor. Other precaations will be mentioned when describing ezperiments 
on galyanisDL 

When the varnish of a condenser once becomes electrica!, it often 
remains in this condition for days together, and caases annojing errora. 
The speediest remedj is to pass the plate a few timeB throagh the flame 
of a spirit-lamp. If this does not remedj it, and the condenser is to be 
used at once, the varnish mnst be washed off with alcohol, and freshly 
applied : the electrical condition disappears of itself after awhile. It 
will be Seen whether the condenser has any Charge, by noticing whether the 
leayes diverge when the cover is tonched with a condactor and then lifted 
off. In nsing the condenser, never fall to test it in this way. 

In ezperimenting with ver j feeble electricitj, it is often necessary to ose 
two condensers, in the foUowing way : the first is charged from the soarce 
of electricity, the plates separated, and the npper or nnder plate of the 
second electrometer tonched with the npper plate of the second, and thia 
process repeated from 6 to 10 times. Any less delicate electrometer may 
be used as a stand for the first condenser. The old instroments called 
duplicators are no longer used. 

(c.) EXPETtTHTEHTS OJS ELSCTBICAL LIGHT, AHB ELECTBI- 
CITT BT HEAT AHB PBESSITRE. 

[272] Experiments in the dark«— (l) The Itghtning tvhe, Take 
a glass tube, ^ to 1 inch in diameter, fit it at one end with a wooden plag 
with a hemispherical head covered with tin-foil, and beginning at this 
paste little diamond-shaped bits of foil, with the points abont 1 millimeter 
apart, in a spiral down the tube, fig. 531. This tube is taken in the band, 
and held near enough to the conductor to draw copious sparks, which are 
repeated at every Interruption in the spiral. To prevent the bits of tin- 
foil from scaling off, the tube may be set inside of another to which the 
knob and handle are fitted. 

(2) Illuminated ßgures. Fix a knob of wood, corered with tin-foü, 
to the edge of a pane of glass by sticking the glass in an incision in the 
wood, and from this as a starting-point describe any figure by pasting on 
bits of tin-foil as already described. The portions not designed to be illu- 
minated are made with Strips of foil. A larger strip leads to the opposite 
edge of the glass where it is held in the band. As the spark overleaps a 
considerable space on the plate, the lines of the figure or name must be 
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Fig. 531. 



Fig, 532. 




drawn at some distance apart, and pari of the circnit made on the other 
aide of the glass. The dark-shaded parts in fig. 532 are made on the other 
dde of the glass. 

(3) Coat a pane of glass on both 
sides with tin-foil, to within 2 inches 
of the edge, and blacken one coating 
with indian-ink. Cat this coating, 
when qnite drj, into little lozenge- 
shaped pieces, by cntting ont yerj 
narrow strips of the foiL Make the 
cnts with a sharp knife and a rnler, 
and peel ofif the strips. In the middle 
of the glass, on the same side, cement 
a little disk of tin with a ring in it. Laj the pane on the table, 
and connect the condnctor of the machine with the ring, and 
the nncnt coating with the discharger. While the plate is 
being charged, zigzag flashes of light will dart over the cat 
snrface, and when the discharger is bronght near the condnctor 
and the apparatns discharged, the whole snrface will be covered 
with flashes of light going in a zigzag direction toward the 
ring. 

The pane of glass is nsnally set in a dnll-black wooden firame, 
and the nncoated margin coyered with black paper. A strip 
of tin-foil pasted to the back coating connects it with a hook driven into 
the edge of the frame, to which a chain maj be fastened. 

(4) Brushes of light, To observe the bmsh of light f^om the positi?e, 
or the Stars from the negative condnctor, it mnst end in a small ball, 2 or 
3 lines in diameter, near which the band or an even metallic snrface is 
held. Wires with ronnded ends, snccessively less in diameter, maj be nsed 
instead of the ball. The bmsh maj also be obtained, with some modifi- 
cation, by holding the little ball or the ronnded wires in the band near 
the condnctor. These phenomena are only exhibited by machines of con- 
siderable power, and the less the striking distance, the smaller mnst be 
the wire nsed. 

(5) Eocperiments in vactu>. The simplest experiment of this kind is 
made with the tnbe described for the gninea and feather experiment, § 102 
(26.) The experimenter has only to hold it in the band, and allow sparks 
to pasB to it from the condnctor; they fill the whole tnbe with a blnish 
light. With feeble machines, the tnbe mnst be grasped near to the end 
next the condnctor; the light of conrse only reaches to the band. 

The experiment may be yaried, by laying on the plate of the air-pnmp 
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Fig. 584. 



(wheQ of glass) a metallio plate conndcted with the body of the air-pamp, 
and coyering it with a bell-glass proTided with a staffing-box. Yarious 
deyices, such as stars, balls, etc., may be screwed to the rod of the latter, to 
Vary the form of the light which streams throagh the bell In oiaking this 
ezperiment, the experimenter muBt be snre that the bell-glass does not 
condact electricity; and with this yiew warm it before ose and rab it 
Fig. 633. ^^ ^^ blotting-paper. A 

glass yase, soch as is shown 
in fig. 533, makes a yery 
beantifol experiment 

A double barometer, con- 
stmcted as in fig. 534, may 
be made Inminous, by con- 
necting one cnp with the 
conductor and the other with 
the gronnd. 

(6) If a piece of flnor spar 
be placed between the rods 
of Henley*s discharger, and 
a yigoroos shock passed 
throagh it, a feebly lamin- 
008 streak will be visible on 
the fluor spar, bot it disap- 
pears in a few seconds. A 
piece of white sogar, ^ to 1 
inch in diameter, will show a 
similar appearance. An 
orange may also be made 
feebly Inminous between the 
points of the discharger. 

[273] Eleotricily of 
tourmaliiL — The electri- 
cal properties of toormalin 
may be exhibited yery easily, 
by hanging a piece, abont an inch long, (which may, however, be yery 
thin,) by a silk string, and then warming it by holding a piece of sheet 
iron ^ to ^ an inch below it, and heating the iron with a spirit-lamp. 
The kind of electricity may be tested with a stick of sealing-wax, robbed 
on one end. The electrical condition is often less evident doring the 
warming, on accoont of the ascending corrent of air ; bot during the cool- 
ing it is always yery marked and distinct : the efifect of the sealing-wax is 
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üdt at a considerable distaooe. Many other crystab become electrical 
by wanniiig, bat none of them show the property so easily as tonnnaliiL 

[274] Eleotricity of oaloareous spar. — Caic spar be- 

comes positirely electrical by belog pressed, for a few seconds, between 

the fingere, and retains its electricity a 

loDg time. This is shown most easUy ^' ^3^- 

by bendiDg a narrow strip of tin like ^ ^ #^^ 

a b c, fig. Ö3Ö, and making a little de- *r" 

pression at b with a panch. At a 

cement a thread of shellac abont the 1 

thickness of fine twine; on the end of 

the shellac cement a fragment of calcareons spar with waz, and set the 

apparatns on the little pivot, fig. 535. It may be baianced by a little 

wax at o. Press the spar between the fingers before setting it on the 

needle : it will be briskly repeUed by an ezcited glass rod. Some other 

crystals exhibit the aame phenomenon. 



(d.) EXPEBIMEHTS OH OALTAVISK, (COHTACT ELECTBICITT,) 
AHS THE ACTIOH OP THE OALTAVIC PELE. 

[275] The frOg ezperiment. — Take a llying frog, stnn him by 
a Uow npon the head, cnt him in two in the middle with a pair of shears 
or a Sharp knife, remove the entrails from the hinder portion, and strip 
off the skin : the nerres which issne from the lower end of the spinal column 
can then be seen yery distinctiy, and mnst be dissected clean from the 
snrronnding cellnlar tissne with a sharp knife. Thmst a strip of clean 
brass-foil nnder the neryes, and lay the preparation on a glass plate. 
Mnscolar twitchings ensne wheneyer the brass plate and the mnscles of 
the leg are tonched with a bent iron wire, or a strip of zinc. The prep- 
aration may also be hnng np by a silk string, and a brass hook thmst 
ander the nerres. 

[276] The fandamental experiments.— For these experf- 

ments, a plate of copper and another of zinc are needed, and one of 
copper and zinc soldered together. The firet pair of plates must be made 
of metal abont 1 line in thickness. Zinc plate of Ihis thickness is not 
nsnally sold in the shops; it mnst be ordered specially; it is so often 
necessary for the constrnction of g^Wanic apparatns, that it will be well 
to have a few sqaare feet of it on band. It is conyenient to haye these 
plates of the same diameter as the plates of the condenser ; they may then 
be nsed as top plates for the condenser when the other plate is well 
▼amished. They onght in this case to haye a socket soldered with tin to 
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the back, in which a female screw is cnt with the same thread which all the 
electrometers have, fig. 586. They mnst have insolating handles ; bat if 
pig 53g thej are not to be acrewed on the electrometen, 

simple sticks of sealing-waz melted oq to the 
hot plate will answer the pQq>08e. It wonld 
be neater, howeyer, to solder to the back braas 
Bockets, and cement into them glass tabes closed at one end, fig. 58T. 
If they are arranged for screwing on, the tnbe shonld have a brasa wire 

cemented into it with a screw to fit 



Fig. 537. 



Fig, 538. 



the plate, or the glass tnbe maj be 

X% cemented into a cap on which the 
I screw 18 cnt, as in fig. 538. The 
M edges of the plates mnst be well 
|l ronnded, and one snrface made CTen 
m with a file and straight-edge, and 
fl then gronnd on plate glass. The 
i II soldering on the back most be done 
T S before the grinding,asitmight cause 
jl the plates to warp; for the same 
I reason it is well to cement them to 
wk a block of wood while g^nding. 
m The back is finally deaned and 
vamished. Zinc is easily worked 
on the lathe, bat an even sarface can 
be given to copper only with a file moistened with oil, or with a tool 
fized in a rest The gronnd side and the edge mnst have a clean 
metallic snrface when nsed. Withoat these precantions, the fnndamental 
experiments are very likely to fail, becanse the contact snrfaces are either 
not eyen or not clean. The sarface may always be cleaned by strewing 
finely powdered pnmice on clean paper resting on an even snrface, and 
rnbbing the plates npon this. The adherent powder is remoyed with a 
feather. The snrfaces become soiled, eyen when the plates are kept wrapped 
np in paper, and it is, therefore, adyisable to clean them as directed, each 
time before nsing them. When in nse, they mnst on no acconnt be rnbbed 
together, becaase the copper plate immediately becomes contaminated 
with zinc, which distnrbs their action. When the apparatns is broaght 
into a room already occnpied for some time by a nnmeroas aadience, 
especially in winter, these experiments, as well as all experiments with 
condensers, are apt to fail, and attention mnst be paid to this &ct 

The Compound plate of zinc and copper is made in the shape of fig. 
589 ; part of the edge mnst be cleaned with a file or scraper before nsing it 
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The ezperiments admit of manj modifications, of which onlj the most 
important can be described. 

(1) Lay the insnlated zinc and copper plates J^^. 689. 
together, and separate them again, keeping them 
parallel Bring one of them in contact with the 
lower plate of the eondenser, while the finger 
18 held on the cover, discharge the other plate 
also by tonching it, and lay the two together agaln, etc. At each Sepa- 
ration, an adhesion will be feit if the plates are good. After from 5 to 
20 repetitions of this process, remove tiie cover of the condenser, and the 
electrometer will show the electricity commnnicated to it. To preyent 
deception by the electricity of the hnman body, a condncting wire of the 
same metal may be attached to the wire projecting from the coyer, fig. 530, 
and pnshed off with a glass rod when the electrometer is charged. If the 
condenser be tonched with the copper plate, the former may be made of 
brass; bat for contact with the zinc plate, the base of the condenser most 
also be of zinc. As it is more conyenient to change the coyer than the 
base, the coyer may be made of zinc, and the electricity of the zinc plate 
commnnicated to it; bat in this case the electrometer indicates the con- 
trary electricity on raising the coyer. 

With plates of 2 inches diameter and npwards, and a gold-leaf electro- 
meter, no condenser is needed ; the gold leayes diyerge more and more 
perceptibly when the contact is repeated a few times. This is especially 
easy with Andriessen's electrometer, fig. 454, by tonching the knob con- 
nected with the gold leayes with one plate, and that connected with the 
cnryed wire with the other. With a delicate Bohnenberger's electro- 
meter a Single contact is snfficient The same is trne with Dellmann'b 
electrometer, fig. 455. This leads to the second mode of making the 
ezperiment When the condenser itself is made of zinc and copper plates, 
tonch the base and the coyer each with the like metal, and repeat this 
seyeral times withont tonching either the condenser or the ezciting plates 
with the fingers. This ezperiment giyes the most decided resnlts, and 
sncceeds, thongh less certainly, eyen when the condenser is of brass. 

(2) Screw one of the plates on the condenser and lay the other npon 
it Wheneyer the npper plate is raised by the insnlated handle, the 
electrometer will indicate the electricity of the lower plate. This ezperi- 
ment seryes at the same time to show the condition of the electricity 
dnring the contact: it reqnires plates at least 2 to 3 inches in dianieter. 

This ezperiment reqnires a yery sensitiye electrometer, and will hardly 
sncceed with a simple gold-leaf electrometer; whereas the former ezperi- 
ment is easier, becanse a donble condensation occnrs, and g^yes sarer and 
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more decided results. By asing tbe gold-leaf electrometer with the in* 
daction wire, fig. 453, and imparting electricity to the latter, so that the 
gold leaves diverge from indaced electridty, and then, after toaching the 
zinc plate screwed to it, laying on the copper plate and removing it» the 
increased or diminished divergence of the gold leaves will indicate the 
electricity. With Dellmann's electrometer, electricity is fint imparted to 
the conductor after the two plates are set on, so that the needle is repelled 
bnt little. By removing one plate the repnlsion will be increased or 
diminished, according to the kind of electricity imparted and the plate 
which is screwed on. A delicate electrometer, with Zamboni's pile, is the 
simplest of all for the pnrpose; it is only necessary to screw on one plate 
and make the experiment without forther preparation. 

(3) Tonch the brass part of the condenser with a piece of brass or 
copper held in the hand, or tonch the zinc part of the condenser with a 
piece of zinc in the same way, while the other plate is tonched with the 
finger. If the condenser was perfectly neutral before, it will show no 
electricity after this contact. Bat tonch the brass part of the condenser 
with zinc, or the zinc part with brass or copper, and electricity will be 
manifested. For this fdso a yery delicate electrometer; is reqnired, and 
distnrbances may be cansed by contact with the fingers. 

(4) Touch either the base or the top of the condenser with one end of 
the Compound plate, fig. 589, holding the other end in one hand and 
touching the condenser with the other hand. The end held in the hand 
mnst be of dilTerent metal from the part of the condenser tonched with the 
other end. The contact need not be continned long, bat the surfaces in 
contact must be clean. As only a Single condensation takes place, the 
effect is less in this experiment than in No. 1, and about like No. 2 and 
No. 3. To prodnce a strenger action, two condensers must be used. (See 
" Condensers.") 

(5) The two plates used for the seeond experiment will also serve for 
Bome experiments with fluids, by laying between them a broad, very thin 
plate of glass, and spreading the fluid o?er the surface of this, or moisten- 
ing with it a disk of paper laid on the glass, just the size of the lower 
plate. If the lower plate is of zinc, connect it with the fluid for a few 
moments by a strip of zinc bent into proper shape, which must be scraped 
clean each time, and can be opened and shut like a clamp, by means of 
two sealing-wax handles; lift the glass by its projecting edge, and the 
electrometer will show the negative electricity of the zinc, if the liquid 
was acidulated or pure water. This experiment is surer by using two 
condensers, and charging the seeond with the first^ as akeady described. 
The seeond condenser may be of brass. 
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.It shonld be remarked finally, that all these ezperimenU giye certain 
resolts onlj in favorable, diy weather; a condition which applies eqaally 
io all experiments on electrical tenaion, espedally when dealing with very 
feeble electricitj, as in thia case. 

[277] To show that electricitj is liberated likewiae by contact between 
liqnids and metals, the chemical and mag- „. 

netic effects of the galvanic cnrrent may be ^^ ' 

emplojed in anticipation of their fall illns- 
tration. The ezperiment is made by mixing 
dilute nitric acid in a tnmbler wiüi a little 
Bnlphnric acid, and placing in it an amalga- 
mated zinc plate bent over above, with a 
folded blotting-paper soaked in Solution of 
iodide of potassinm laid on the bend. Dip 
a platina plate, with a platina wire soldered 
to it, into the liquid, and bend the wire over 
against the paper, as in fig. 540: a brown 
Spot will immediately appear on the paper 
in conseqnence of the Separation of iodine from the Compound. Pass the 
current from the platina previously through a galyanometer ; the electrical 
cnrrent will be indicated at the instant of contact with the paper by a 
corresponding deflection of the needle. 

[278] The galvanic pile. — For actual use the form of the pile in 
galvanic apparatns is long ago obsolete; it is, howeyer, a standing article 
in aU text-books, and valuable both from theoretical and historical con- 
siderations, and therefore indispensable in all collections of physical appa- 
ratns. This is the more true, because other more powerful arrangements 
haTe not usually so many Clements, so that they exhibit the phenomena 
of tension in a less marked manner than the pile. For this reason, how- 
erer, small plates may be chosen in procuring a pile, and the number of 
pairs not exceed 50 to 100. 

The Single plates are cnt out of sheet copper, about 1 millimeter thick, 
hammered flat, and rounded accurately with a file; and the same with the 
zinc plates. The latter must, howeyer, be made of metal about 1 line 
thick, because they wear out faster than the copper plates, both by the 
action of the pile and by frequent cleaning. Zinc plate of this thickness 
cannot, howeyer, be cnt easily with the shears. The best plan is, to 
diyide the sheet of zinc into Squares, about a line longer on the side than 
the required diameter of the plates. Scratch in the diyisiou lines deeply 
with a Steel tool, (made of a wom-out file of good stuff.) Then lay a 
drop of mercnry on the beginning of one of the lines, and draw a sharp- 
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pointed Btick, dipped in mariatic acid, bIowIj along the line : the mercnrj 
will amalgamate the zinc aloDg the track of the stick, so that it will break 
easilj in this line. This process is conyenient for cotting thick zinc plate 
for any pnrpose. The fhrther ronnding of the plates is easily effected 
with a coarse, deep-cnt file, after cntting off the corners with a chisel. 

The copper and zinc plates mnst now be soldered in paire, which, 
besides increasing the action, saves nearly half the labor in deaning them. 
Thej mnst, however, be soldered over the whole snrface, and not merelj 
aronnd the edges. For this pnrpose, dean the plates on one side with 
the file and scraper, strew them with powdered rosin, or moisten them 
with sal ammoniac, or the soldering liqnid, (§ 42,) then heat them, 
and when a piece of soft solder melts on them, distribnte it orer the 
snrface with a soldering iron. From 3 to 6 snch plates maj be heated 
at once on a piece of sheet iron, but the copper plates mnst be heated 
separately, as they require more heat than the zinc. When all the 
plates are tinned in this way, strew a little rosin oyer their snrfaces, and 
hold each pair snccessiyely in a small pair of smith's tongs over the fiie 
nntil the solder melts, which ti^es place very soon, and press them 
together, to sqneeze ont the ezcess of solder; clean the edges of the plate 
finally with a file. 

Short copper wires shonld be soldered to se?eral of the conples, or 
projecting ears left on some of the plates, for the pnrpose of attaching 
condncting wires. These conples shonld be distribnted at proper inter- 
vals in the pile. 

The moist conductors may be disks of woolen doth or pasteboard, aboat 
2 lines less in diameter than the plates, satnrated with a solntion of 
sal ammoniac or salt, or snlphnric acid dilnted to ^j^. Pasteboard has the 
adyantage of not being so compressible as doth, and can, for this reason, 
be kept moister, the liqnid not being pressed out by the weight of the 
plates. The liqnid mnst neyer be allowed to trickle down the pile, and 
wheneyer it is seen to do so it shonld be wiped off with blotting-paper. 
The disks, after they are satnrated with liqnid, (which for pasteboard 
reqnires abont an honr,) mnst be squeezed ont, so that the pressure of the 
plates aboye will not press ont any more liquid; the npper disks can 
be made wetter than the lower ones. 

Cloth disks may be cut with the scissors by a tin pattem. Pasteboard 
becomes so tender, after repeated use with acids, as to fall to pieces ; it is 
well, therefore, to haye a punch with which to cut the disks. Pasteboard 
must be selected which is easily penetrated by the liquid. 

The pile may be bnilt up in a frame like fig. 541, in which three rods 
^ ^ ^ are fastened npright in the block A, at such a distance from each 
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other as just to inclose the plates. A barometer tabe is half sank in a 
grooye on the inside of each rod, and fastened with sealing-wax, so that 
Uie plates will not come in contact with 
the wood. The rods are connected above 
by the block C, and fastened with 
wooden pins. A wooden screw D works 
throngh this block, by which a moderate 
pressure can be applied to the pile. 

If one is not disposed to incor the ez- 
pense of sach a stand, a simple snbstitnte 
may be made by cementing three barom- 
eter tnbes at proper distances, into any 
block of wood ; these tubes may be held 
together above by a triangle of brass 
wire, like fig. 542. A half-ponnd weight 
may be nsed to press down the npper plate. 

In boilding up the pile, lay first a 
conple of glass plates, or a disk of seal- 
ing-wax, on the base ^^ so as to make a 
fonndation abont ^ inch thick, and on 
this lay one of the pole-pairs. The 
doths mnst be sqneezed ont by band to 
the reqnisite degree, which is soon leamed 
by ezperience, and tho plates laid on by 
some one with dry hands. The series is 
terminated by another of the pairs with 
conpling wires, and a disk of glass or 
sealing-waz laid o?er all. 

The pile should be taken down imme- 
diately after nse, the pasteboards laid 
out to dry, and the plates laid in water 
preparatory to cleaning them. To facili- 
tate the cleansing, driTe three pegs into 
a board in a triangulär position, so as to 
hold the plates fast between them with- 
out projecting above. Scrub each plate 
with a bit of wood and fine sand, and 
lay it in water until all are ready ; then 
wipe them perfecüy dry. Pile up the 
clean plates in the f^ame, laying copper on copper and zinc on zinc, which 
will prevent rusting. Eeep the dry pasteboards by themselyes. 




Fig. 542 




Digitized by 



Googk 



818 



PHTSIGAL EXPEBIMENTATION. 



Besides the shocks giren bj the pile, the decomposition of water and its 
magnetic effects shonid be shown. 
[279] Binding sorews and merotuT cups.— The electricity 

of the galvanic battery being of feeble intensitj, mere contact fs not 
sofficient to establish a commanication between the condnctors, ss with 
fHctional electricity. A more intimate connectioii is prodaced by dipping 
the ends of the condoctors in little cups containing mercniy, or pressing 
them together by binding screws. 

Mercnry cnps may be made by simply boring in a little block of wood, 
with a center-bit, a hole ^ an inch deep and wide. It may be Tarnished 
internally with sealing-waz, bat it is not necessary. It is well to have in 
the bottom of the cnp two small holes, in which to insert the ends of the 
wires, or little hooks in the side to which they can be fastened. Common 
iron thimbles set in wood answer better, especially when there are sereral 
cnps in the same board. Each cnp can then be taken ont separately and 
emptied, thns a?oiding a loss of mercnry. This direct loss of mercnry 
and the deterioration cansed by the Solution of the metals dipped into it^ 
make mercnry cnps, at the present price of mercnry, dearer than binding 
screws. The latter haye the fnrther advantage of allowing the whole to 
be moTcd without disconnecting the condnctors, and not reqniring the 
ends of the wires to be amalgamated. The amalgamation is effected by 
dipping the metal into nitric or snlphnric acid and then into mercnry, and 
mbbing it over the surface. 

Binding screws are always preferable, ezcept where a sudden intermp- 
tion and renewal of the contact is reqnired, or where the parte mnst have 
a motion independent of each other. 

Besides the binding screws which are attached to the yarions pieces of 
apparatns, a snpply of separate ones mnst be on band, whose shape 
depends on the special nse for which they are reqnired, whether to con- 
nect plate with plate, plate with wire, or wires with each other. The 
sorews shonid be thick and well made, with a moderately close, deep 
Fig. 544. thread. Their constmction has already 
been described in § 38. 

To connect plates or ribbons, simple iron 
screws, of the form and size represented in 
fig. 543, are nsed. To connect plates with 
wires, they mnst haye the form shown in 
fig. 544 ; the screw a holds the plate, and 
6 the wire which is thmst through one of 
the holes c, bored at right angles to each 
other. The holes mnst be large enongh 



Fig. 543. 
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to admit stoat wires, and the bole for the screw rnost not be cat 

deeper than their apper edge. When the bole eztends lower, thin wirea 

are fbreed into it and bent, and finally broken pig^ 545. jpv^. 54((. 

off. Wires maj be connected bj binding screws 

like fig. 545; bat the simpler form, represented 

in section and in natural size in fig. 546, is 

sufficient for all pnrposes. Nörremberg's wire 

clampe, figs. 547 and 548, are simpler still. 

They are made of bright hard-drawn wire, 1^ 

to 2 millimeters thick; sil?ered copper wire is 

best 

Binding screws designed to remun permanentlj on an apparatns are 
often made in the form of fig. 549. The wire firom the apparatns is bent 

Fig. 548. 




Fig, 547. 
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into an ear and hammered flat, and screwed in either dXah or c d, the 
wire from the electrometer being secnred bj the screw/. To save room, 
the wire and the nnt e maj be let into the 
wood, in which case it is made in the form of 
fig. 550. The ends of the wires j^ig^ 550. 
shonld be cleaned with a file or 
scraper ; the screws must be al- 
ways turned very tight, especially 
with brass wires. The effect of 
the tight pressure becomes evident when the 
electrometers are inserted. For this reason, 
the heads of the screws shonld not be made 
too small. 

[280] Batteries. — GaWanic piles being 
yery diffionlt to nse, other more conyenient 
arrangements have been snbstitnted for them. 
Those of most common nse are modifications of Yolta's cups. The 
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simplest mode of arrauging them, is to cast balls of zinc on copper wires, 
in a bullet moald, then bend the wires as shown in fig. 551, and place 
them in common tnmblers, so that the elasticity of the wire will hold each 
pair of glasses together. The tamblers are partly filled with the nsaal 



Fig. 551. 
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ezciting liquid, water acldolated with -^ to -fj^ part salphoric, and ^^ to 
^ of nitric acid. Twenty or thirty pairs are sufficient to give shocks. 
Fig. 552 shows the arrangement of the apparatns. A simple copper 
wire forma the positive pole. To determine which is the positive pole in 
any pile-like arrangement, we have only to consider the complete coaples; 
it is always on the zinc side, as in the pile. Wollaston's modificadon of 
this apparatns is much more convenient when greater quantity is reqaired. 
To construct Wollaston's apparatns, cot plates of copper, ^ to 1 milli- 
meter thick, like fig. 553, with 12 to 15 sqnare inches snrfoce. Two 

Fig. 553. 




Strips c c are left to connect each pair of plates. A narrow strip d <f, of 
somewhat thicker copper, is soldered with tin to one of these. The zinc 
poles a a are made of the same size but somewhat thicker. The strips 
d d are made all of the same length, and a zinc plate soldered to one end 
of each ; one copper plate is left nnconpled, and likewise a zinc plate. 
Each pair is then bent as shown in fig. 554, and the zinc plate of the 
sncceeding pair laid between the two. 

The zinc is separated from the copper by blocks of wood, represented 
in natural size, fig. 555, which are pushed under the Iower edge. Two 
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similar blocks are laid aboye, and the copper plates tied orer these by 
wires inserted throogh the holes e e e e. Fig. 556 represents one of 
these elements. 

Pig, 554. Fig. 556. 

^ h 



Pig, 555. 





After thos combiDiug the plates, each pair is fastened with wooden 
screws throngh the strip a & to a bar of oak, abont 1 inch Square, as 
represented in fig. 557. It is evident that the length of the Strips a h 
most depend on the size of the glasses. The apparatas wonld be more 
compact if the glasses were sqnare, and only aboot 1^ inches wide. Ten 

Fig, 557. 




or tweke pairs are fiststened to one bar, and the copper strip of the first 
copper plate and the last zinc plate thmst throngh the bar, so that con- 
dncting wires can be more conveniently attached to them. 

21 
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The glasses are placed on a wooden stand, so that all the plates may 
be lifted at the same time and supported above the glasses. Fig. 557 
represents an arrangement of fivc cells. 

Bj connecting the first copper of one snch series with the last zinc of 
another, we obtain a battery of as manj pairs as there are cells ; by com- 
bining the unconpled copper plates of each series, and likewise the 
nnconpled zinc plates, we produce the same effect as with a Single series 
of plates of twice the size. 

The ad van tage of this arrangement is, that the plates can be at once 
removed from the liquid when not in nse, and thns avoid the waste of 
zinc ; and as thej are all immersed simoltaneonsly, the first action, which 
is the most powerfui, is not lost. The power of snch a battery remains 
tolerably constant after the first violent action is over. The plates shoald 

Fig, 658. 




be washed off with water after being used ; if any fnrther cleansing is 
necessary, the apparatos must be taken apart 

A trongh of well-glazed earthenware, divided into cells, may be substi 
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tQted for the separate glasses. A battery of 6 to 12 pairs is made very 
compact, aod needs no stand; it is always ready for nse, is easily deaned, 
and will last for many years. 

MneDch has contriyed a rery good apparatas for constant ose, which 
resembles in some respect^WoUaston's, and in others Faraday's arrange- 
ment. It is represented in fig. 558, and consists of 6 copper and 4 
zinc plates, set in separate grooTes in two wooden frames, made to slide 
np and down on a rod. The plates dip into two glasses, in which they 
can be immersed to any depth reqnired. The form of the plates is 8ho\ni 
in fig. 559, and each, with the ezception of one zinc plate, has a strip of 
copper soldered to it, to which binding screws may be attached. Fig. 560 
Fig. 559. Fig, 560. 





'\U 



shows the arrangement of the plates, the poles being at a and 6. Each 
plate may be taken out separately and deaned or amalg^mated. 

[281] Hare'8 oalorimotor. — This apparatns, even with a snrface 
of only 1 or 2 sqnare feet, gives a yery powerful cnrrent for a short time. 
Its comparatiye cheapness and conyenience are great recommendations. 
It need only be placed in the tob to prodnce a powerfol cnrrent, and is 
easily cleaned by ponring water throngh it. 

A large glass jar is snfficient to contain an apparatns of moderate 
dimensions, which is constmcted as follows: The plates of zinc and 
copper, which are abont the same thickness as for Wollaston's Clements, 
are made as wide as the depth of the jar will admit, and 3 feet long, for a 
vessel 4 inches in diameter. The copper being on the outside is made a 
little longer. Any ezcess can easily be cnt off with the shears. Lay 
between the sheets of zinc and copper, and npon the latter, strips of soft 
pasteboard, abont 1 line thick and as long as the plates, and clamp the 
pack between two iron bars, abont 1 inch wide and 3 to 5 lines thick, 
fastened by a hand-vice at each end. After heating the metal to a 
moderate degree on the side thns fastened, beat the plates into a coil 
aronnd the bars with a wooden mallet, which can be done by a tinner or 
coppersmith in a few minntes. The inmost tum will not be quite round, 
but that is of no importance. The pasteboard is then removed. 
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A wooden cross, fig. 561, is wedged fast to the end of a round bar of 
proper thickness, in the npper part of which two sqoare boles are cut to 
receive two other smaller bars at right angles to each other. These bars 
arq let into each other, and one of the holes made twice as high as the 
other to admit them; they are fastened by a wedge. The diatance 
between theae crosses mnst be 2 or 3 lines leas than the width of the coiL 

Fig. 562. 



Fig. 561. 




This is placed between them, and the places where the plates touch the 
wood marked ; grooves are afterward cut in these places to keep the 
plates apart. The plates can at anj time be taken apart to amalgamate 
the zinc* The poles are formed by stout copper wires soldered to each 

* Tbe best mode of amalgamating xinc plates is to cover some mercurj with 
streng sulphurio acid, and pour the two together over the plate irith an Iren spoon. 
Frequent rubbing with a swab facilitates the procesa. — Tränt. 
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plate. Fig. 562 represents the apparatos complete. For large coils, 
wooden tnbs are nsed, and arranged as shown in fig. 563. 

A Single Wollaston's element is verj convenient for similar parposes, 
when a strong eorrent is not needed. 
A handle is fastened to the copper plate, ^^' ^^^' 

and Short copper wires soldered on as 
poles. 

Oersted's troogh apparatas is very 
convenient when a powerfal cnrrent is 
reqaired for a short time. Take a sheet 
of copper and bend np the sides so as 
to form a rim all aroand an inch high, as shown in ßg. 564. In this lay 
a zinc plate on a conple of sticks, and the apparatas is complete. 

[282] Amalgamatillg th6 zinc* — The amalgamation of the 
zinc not only increases the power of anj galvanic apparatus, bot efifects a 
great saving of zinc. New plates are amalgaraated by simply placing 
some mercory and dilnted solphoric or hydrochloric acid in a dish, and 
applying both together to the snrface of the metal with a small brush or 
a swab. When the plates have once been amalgamated, it is only necessary 
to place them in the exciting liquid and ponr into it a little mercnry ; it 
will soon spread over the snrface. Afler the plates have stood for some 
time nnnsed, the mercnry collects in little drops; bat it spreads over the 
snrface again as soon as the plates are immersed in the exciting liquid. 
When the zinc is in a separate cell, it requires no more labor than simply 
to place some mercnry in the cell. To amalgamate the Wollaston's 
Clements described in § 280, dip them into dilute acid, lay them in a dish 
so that the longest edge of the zinc will be nppermost, and pour a few 
drops of mercory on each zinc plate from a pipette ; then immerse the 
elements again immediately. 

Mercnry which has been osed for amalgamating zinc most be kept by 
itself, as it is not fit for any other ose without purification. 

[283] Zamboni'S pile. — The essential points of the constrnction 
of this pile have already been described when speaking of Bohnenberger's 
electrometer. Take a glass tube coated on the inside with sealing-wax,* 
and fill it with disks, ^ to 1 inch in diameter. The tobe mnst be wide 
enongh to admit disks without crowding. The pile is most effective when 

* Heat the tube gradually, beginning at one end, and drop bits of sealing-wax 
into it, it vill melt and spread itself very uniformly over the surface. The tube 
must be tumed constantly. This is the surest vay to make the glass insulate well, 
but it makes the apparatus neater to take a tube which insulates well already and 
vamish it on the inside with bleached shellac. 
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the disks are made of silver paper, coated on the back with verj fioelj 
polverized oxide of manganese rabbed ap with thin gum water, and applied 
very tbinly. If the disks rnb against the glass in going in, thej leave a 
fine metallic coating, which aimost destrojs the effect of the pile. The 
tabe needs no raoanting ; it maj be closed with drj corks, throngh which 
slightlj tapering, smooth wires are thrnst, the ends of which press on brass 
plates laid over the disks of paper. The friction on these wires keeps 
the disks snfiSciently compressed. The corks are afterwards coated with 
sealing-wax. Such a pile, consisting of npwards of 1000 pairs, canses a 
divergence in a delicate straw electrometer. A couple of dozen such 
disks, Strang on a thread and tied together, give indications of electricity 
with a condenser. The drj pile is Tery convenient for showing the ose 
of the condenser, and the difference in the tension at its poles in an insn- 
lated and nninsnlated condition may be shown also. A pile of 1000 pairs 

may be bnilt np on a board between 
three glass rods and compressed by 
silk strings tied below, leaving little 
scraps projecting between every 100 
pairs, to show the gradnally increasing 
tension. 

Two piles of 2000 pairs each, set on 
a board and connected below by a 
Strip of foil, as in Bohnenberger's 
electrometer, will set in motion an 
electrical pendnlnm. The arrangement 
is represented in fig. 565. The npper 
poles pass throngh a round bo£ürd, 
which rests on two pillars, and over 
which the pendulam is snspended from 
a bent wire. The pendnlum is made 
of a light, hollow brass ball a, fa.stened 
to a slender glass rod ; another ball is 
used to balance the first. The ball a 
hangs, when at rest, between the poles, 
and the glass rod mnst be long enough 
to allow it to reach both poles by 
turning on the thread as an axis. A 
bell glass is placed over the pendnlnm 
to keep off cnrrents of air. Once set 
in motion, this pendulum will continne to oscillate for years, sometimes 
Coming to rest and beginning again of itself. 
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[284] Constant batteiies. — in order to obtain a strong galvanic 
cunent which shall remain constant for several honrs, batteries must be 
coDstnicted of two metals separated bj a porons partition, each acted on 
by a separate fluid. Poroas animal membranes, such as the bladder, maj 
be employed for this porpose ; but their nse is attended with so many in- 
conTeniences, that they are now almost universally snpplanted by cells of 
porons clay. Bladders are seldom used except in the galvanoplastic 
process, for which they are very convenient; the elements are arraoged for 
this porpose in a pecnliar way, which will be described in its proper place. 

The poroas clay cells are made of porcelaio clay, pipe clay, or ordinary 
clay free from iron, with the addiiion of a litüe quartz sand. They may 
also be made of plaster cast in monlds. The porcelain cells are very good, 
and stronger than the oihers. Any potter can make them ont of white 
clay and fine sand, the proper proportions of which he will leam by a few 
trials. They must be uniform, and as thin as possible. Plaster cells 
must be handled very carefully when they are wet. 

The experimenter can make the cells for himself over a wooden moold 
on the lathe. The mould is covered with paper, and bored throngh 
parallel with the axis, in order to remove the cells more easily. They 
can be made more aniformly thin in this way than by the common potter, 
to whom the preparation of the clay and the barning should be intrnsted. 

Good clay cells shonld become qoite damp on the ontside in 1 minute 
after water is ponred into them ; those made of pipe clay reqnire only 20 
to 30 seconds. They must, however, be free from cracks which allow 
water to trickle throngh them ; otherwise the nitric acid will penetrate to 
the zinc and blacken it. Imperfect cells are readily detected in this way. 

To preserve them in good order, it is absolntely indispensable to wash 
them out each time after ose, and let them lay 24 hours in a tub of clean 
water ; otherwise they soon become so brittle as to break with the slightest 
jar. 

Their shape must be accurately cylindrical, fig. 666, ^^n 566 
so that the liquid may form a Stratum of uniform thick- 
oess between them and the metal. Their size depends, 
of course, on that of the elements ; but they should be 
just high enough to allow their thickened rim to pro- 
ject above the metal. The best cells which the author 
has Seen, in respeot to the resistance opposed to the 
current, were made by Stöhrer, in Leipsic. They far 
excel the Paris porcelain cells. 

[285] Daniell's constant battery. — This 
consists of copper and zinc. The copper is acted on by a Solution of 
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sulphate of copper, and the zinc by dilote salphuric acid. It is indifferent 
whicli metol is placed on the oatside, that is, which has the greater snr- 
face. If a Bunsen's battery is also at hand, the zincs shoald be so 
arranged that thej can be nsed for either. 

Large tnmblers are nsed for the cells. The zinc and copper are both 
bent into a cylindrical shape, so that both will approach as near as pos- 
sible to the clay cells. The zinc mnst be heated to between 200^ and 
300^ F. before bending it, otherwise it will break. It is afterward amal- 
gamated. A great saving of zinc is effected by coating the side which is 
tnmed away from the copper, with a vamish of asphaltnm dissolved in 
spirits of tnrpentine. Strips of copper are soldered to both metals, as 
shown at a, fig. 567, to which binding screws may be attached. The 

Fig, 568. 



Fig, 567. 





lüiii Hill' Evwuniiifiifnin^iiBiin 



outer metal is nsnally made to project a finger's breadth above the glass, 
and the inner the same distance above the clay cell. Fig. 568 represents 
a DanielPs dement complete. 

As the uniform action of this battery depends npon the constant Satu- 
ration of the Solution of copper, it mnst always contain an ezcess of 
crystals of sulphate of copper. If this is simply thrown in the bottom of 
the cell, only the lower Stratum becomes satnrated ; the vitriol must be 
hung in a ganze bag in the upper part of the vessel. The action of this 
battery is very constant; bnt it is so mnch weakened by its specific 
resistance, that it is not nearly so powerful as Bunsen's zinc-carbon 
battery of the same size. On the other band, it has the advantages of 
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greater cheapness, more permanent action, and freedom from nitrons aeid 
Tapon. For the reason last mentioned, it is especiallj adapted for nse 
in Workshops, etc., where the acid vapors wonld be injnrions. The zinc 
maj be acted on by a Solution of common salt instead of salphnric acid ; 
a bag of the salt mnst then be hnng in the Solution, but the Substitute is 
not Terj good. When the elements are kept a long time, several weeks, 
in constant aetion, a part of the old liquid should be withdrawn bj a 
Siphon, and replaced bj fresh. This applies especially to zinc. 

The elements may be so connected, as either to form a battery or a 
Single element of large surface. In the former case, the copper of one 
element is connected by binding screws to the zinc of the next, and the 
elements so arranged as to bring the two poles as dose together as 
possible. In the latter case, all the copper plates are cemented with one 
Strip, and all the zincs with another. The cells should be arranged in a 
tray, fig. 569, just large enough to contain them. 

Fig, 669. 



[286] Grove'S battery. — This has platinum instead of copper, which 
is acted on by concentrated nitric acid, but it is arranged in other respects 
like DanielPs battery. The zinc is acted on by sulphnric acid diluted to 
■^Q or \. To produce very streng currents the sulphuric acid is used 
stronger, cTcn as high as one-half ; more depends upon this than upon 
the strength of the nitric acid. This is the most powerful combination 
known, in proportion to the size. Its first cost is considerable, but not so 
great as might be snpposed, when made at home. The platina is used in 
the form of veiy thin foil, as it depends only on the surface, and 40 or 50 
Square inches of such foil need not cost over four or five doUars, | of 
which is the permanent value of the metal. Such very thin foil requires 
care in handling, which mnst be observed, in fact, with any apparatns. 
Yarrentrapp advises to bend this thin foil around a piece of lamp-chiraney,' 
and tie it aboTe and below with fine platina wire ; one comer of the foil is 
beut over to the inside of the cylinder, and a piece of thicker foil laid on 
it. This foil is soldered to copper and varnished all over with asphaltum, 
except where it is in contact with the thinner foil. The two pieces of 
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foil are pressed together bj a cork fitted in air tight, and varnished. 
Tbe nitric acid consnmed costs rather more than the salphate of copper 
reqnired to prodace a cnrrent of equal strength with Daniell's batterj. 
Wben tbe foil is tbicker, it is better to retain tbe arrangement deacribed 
in tbe preceding paragrapb for Daniell's battery, substitating platina for 
copper. It is still better to fasten tbe foil to a wooden cover fitting on the 
clay cell Leave a piece projecting from tbe middle of tbe foil, fig. 570, 
to wbieb rivet a donble slip of copper of tbe same width. Make a slit 
tbroagb tbe middle of tbe cover, and from tbis cot an S-sbaped grooTe, 
aboQt ^ a line deep, fig. 571. Pass tbe strip of copper tbrongb tbe slit, 
bend tbe foil into tbe sbape of an S, and insert it in the grooTe, fig. 572. 



Fig, 570. 




Fig. 572. 



Fig, 671. 





Finally, fill tbe lower side of tbe cover witb melted rosin, to keep the foil 
in place. Tbe cover serves to retain tbe nitrous acid vapors partly in tbe 
cell. The platina foil may have from 6 to 20 sqnare inches surface. 
Fig. 573 represents a Grove's dement complete. Anotber form of the 
same battery is represented in fig. 574. In tbis tbe cell is a rectangolar 
trongh, aronnd which tbe zinc is bent. The platina foil is straigbt, and 
fixed to a cover as before. The elements may be placed in woodeo 
troaghs coated witb pitch. If tbe zinc is bent twice at a right angle, the 
succeeding platina foil may be attacbed directly to it, at d. 

The clay cells of these elements must be soaked well after use, and the 
foil washed with water. Each foil sbould be kept in its cell. 

[287] Bunsen's zinc-carbon battery. — in tbis battery the 

platina is replaced by carbon. Tbe exciting liqnids are the same as in 
Orove's battery. The cylinders of carbon reqnire a special preparatioo. 
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Thej are made as foUows : Take two parts by weight of coke and one pari 
bituminoos coal, poWerize and sift them. The powder must then be placed 

Fig. 673. 



Fig. 674. 





in a monld of sheet iron, wbich is a little wider and abont an inch higher 
than the glass in which thej are to be osed. This moold is not riveted 
together, bnt simplj the edges tnmed ap to the Mddth of ^ an inch and 
clamped together, fig. 676. The moold is closed above and below bj pieces 
bent ap in the same manner and pnshed in. After one end is closed, place 
in the monld a cjlinder of pasteboard, so as to leave a space of abont 3 
centimeters between it and the monld, and fill this space with the coal 
düst shaken together bat not compressed ; then close the other end, and 
plaster the joints with clay. Heat a nnmber of monlds filled in this way 
to a red heat in a fomace, and 



keep np the heat nntil the evo- 
lotion of carbnreted-hydrogen 
gas ceases, which reqnires abont 
} of an hour. After cooling, the 
coal will be firm enongh to be 
tomed on a lathe. Tarn them 
off to the shape of fig. 676. The 
length of the narrower part of the 
eyliuder mnst be a little less than 
the height of the glass, so that 



Fig. 676. 



Fig. 576. 
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the broad rim will rest on the glags and cover it The smaller pari mnst 
slip easily into the glass. The inside mnst also be tnrned off antil the 
smaller part is only 5 or 6 millimeters thick. The coal cylinders are 
fastened on the lathe by a wooden ehnck with a wide sllt and a sliding 
iron ring, an arrangemeot familiär to every tumer. 

After this, satarate the cylinders with molasses or coal-tar, and dry 
them again. When dry, place them in a cmcible among charcoal powder, 
Inte on a clay cover, and bnrn them in a potter's famace. 

After the cylinders are burnt, bore a few holes, abont 5 millimeters in 
diameter, obliqnely downward through them ; then heat the broad rim 
and satnrate it with melted wax, to prevent its absorbing nitric acid. A 
copper ring, either riveted or hard soldered, with a projecting ear, fig. 577, 
is then to be driven over the rim of the cylinder with a few gentle blows 
of a hammer. When the ring fits well, and the cylinder is held in the 
hand, this can be done withont injnry. It is better to tighten the ring by 
a binding screw, fig. 578, so that it may be removed and cleaned after 

Fig. 577. Fig. 578. 





nse.' It is advisable, when the ring is screwed together, to lay nnder it a 
Strip of wire ganze of eqnal width, to increase the points of contact, and 
then vamish the ring and the npper part of the cylinder with sealing-w&x. 
The same varnish shoald be applied when the ring is driven on. 

The carbon is sometimes placed in the clay cell and the zinc made the 
ontside dement In this case, tbe carbon is in the form of a straight 
cylinder, with a copper ring driven on one end. It is not necessary to 
gild this ring to protect it from the action of nitric acid ; satnration with 
wax is sufiScient to prevent the acid being drawn up, withont injnring the 
condncting power of the coal. A coat of varnish will protect the ring 
from acid accidently dropped on it. As the rings are destroyed by con- 
stant nse, let them be made as they may, the simple pattem shown in fig. 
577 is preferable on acconnt of the ease with which they can be renewed. 

It is not advisable to connect the zinc of one dement permanenüy with 
the carbon of the next. The contact should always be made by binding 
screws. The form seen in fig. 579 is well adapted for this pnrpose. The 
slit in the strip connected with the zinc slips over the screw, the head of 
which presses npon it. When the carbon is on the ontside, the jars 
shonld be contracted at the neck, so as to contain a considerable qnantity 
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of acid withoat expodng much sorface. To obtain the maximom effect, 
the claj cells most fit into the carbon cylinders as closely as possible. 
Jars of the fonn of fig. 580 are made specially for BünseD's battery. Fig. 
581 represent» the whole apparatas, in section. 



Fig. 579. 



Fig, 581. 




a ^ a 



Fig. 580. 





From the directions glven for the preparation of the carbon, it wilTbe 
Seen that it is a tedions process. It generally reqaires some preliminary 
trials, for the proportion of the coke to the bitominoos coal varies accord- 
ing to the qnality of the latter; if it is too bituminons, the cyh'nders crack 
doring the first heating; if it is not bituminous enough, they are too 
friable. In the former case, more coke must be nsed ; in the latter, less. 
Carbon of equal density also differs very much in' electro-motive power. 
It is, therefore, best to buy these cylinders, unless a large nnmber of them is 
reqoired. The best are made by Deleul, in Paris, and Stöhrer, in Leipsic. 
The former sells the whole dement, including glass, very heavy zinc, 
porcelain cell, a copper ring like fig. 568, and binding screws, for 4 francs. 
Stöhrer makes more powerfnl elements for 3 thalers ($2 25.) 

The prime cost of this battery is less than that of Grove's of equal 
strength. The carbon absorbs, however, a considerable quantity of nitric 
acid, amounting to ^ of the whole, which is lost in the subsequent soaking. 
The loss by conversion into nitrous acid is not more than in Grove's 
battery. The inconvenience from nitrous acid vapors is about the same 
in both. Smoking tobacco, and especially cigars, partially obviates this 
inconvenience. 
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When the battery is nsed frequently at short intenrals, it is an advan- 
tage to have tbe carbon on the ontside for the clay cylindera may then 
be removed and the carbon left standing in the acid, covered over with a 
plate of glass, so that nothing is lost by soaking. Garbon reoenüy soaked 
and dried yields, it is true, a stronger cnrrent for the first instant, bot it 
soon falls to its ordinary force. To obtain a feebler cnrrent, which shall 
continne constant for a long time, Bnnsen's battery may be charged with 
snlphnric acid dilnted to ^^^ or j'^ its volome, in both the zinc and the 
carbon cell ; thns charged, the cnrrent will continne nearly uniform for 
fonr weeks. 

[288] The Zinc-iron battery. — The platina foil in Orove's com- 
bination may be replaced by sheet iron, provided very strong nitric acid 
of specific gravity 1-4 be nsed. Tin plate may also be substitnted for 
zinc, and a strong current obtained even with iron in both cells. Not- 
withstanding the ease with which batteries can be constmcted in this waj, 
they have not come into snch general nse as might have been expected. 
The difficnlty in their nse is, that one mnst notice constantly whether the 
acid is strong enongh not to attack the iron ; bnt dnring the action tbe 
acid is constantly growing weaker, nntil it reaches nnexpectedly the point 
where the iron is violently attacked, and a clond of nitrons acid Tapor is 
evolved. 

Besides the batteries already mentioned, a mnltitnde of others have 
been recommended, which, not having fonnd their way into general use, 
may be passed over here. 

[289] Experiments on the tension of the pile.— A toier- 

able demonstratioD of the law that the tension increases as the nnmber of 
pairs, may be given by the aid of a delicate gold-leaf, or Dellmann^s 
electrometer, with only 8 to 12 pairs. The pile is bnilt np on the hand, 
with moistened blotting-paper, and the projecting ear of the npper plote 
bronght in contact with that part of the condenser which consists of the 
same metaL By tonching any part of the pile with the fingers of the 
hand on which it rests, only the plates above the finger come into play 
By increasing in this way the number of pairs, the increased direig* 
ence of the electrometer is very evident With a very delicate elec- 
trometer, not more than 8 to 12 pairs mnst be nsed, even when the 
blotÜDg-paper is moistened with simple saliva. With pasteboard the 
piles wonld be too high for this process. With 40 to 50 pairs a delicate 
strnw electrometer may be nsed. Zamboni's pile of 1000 pairs affects such 
an electrometer withont a condenser. 

[290] Fhysiologioal effects of the galvanic current— 

(1) The simplest ezperiment is to pass the cnrrent throngh any branch 
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Fig. 582. 



of the fifth pair of nerves, which commnnicate witli the opüc nerre. 
The most convenieot apparatas is a conple of plates of zinc and copper, 
not more than an inch in diameter, fig. 582, with handlea. The copper 
may be silvered for the sake of cleanliness. Hold these plates in the 
moath between tke jaws and the eheeks, so that when the mouth is closed 
the handles will be in contact. At every contact a faint spark will be 
Seen, especially when the eyes are closed. 

(2) The same plates may be nsed to illns- Fig. 583. 
träte the cnrions taste prodnced by placing the 
tongne between them with the handles in con- 
tact. 

(3) Lay a copper or silver coin on a plate 
of zinc, and on this place a leech. It will begin 
to creep, bnt always retreat as soon as it 
touches the zinc. 

(4) A Single pair is not sufficient to prodoce 
shocks in the hnman System, this effect depend- 
ing lipon the nnmber of pairs; bnt with 10 or 
12 pairs a slight tremor is feit, and with 40 to 
50 pairs it becomes very sensible, especially 
when the poles are toached with metallic 
handles, fig. 583, held in the hands, moistened 
with acidnlated water. These handles are made of sheet brass, and the 
wires shonld pass entirely throngh and be soldered to both ends, other- 
wise they soon break off. The cylinders may be left open at both ends, 
and the wire soldered to the side. With a strong pile of 50 to 60 pairs, 
the circnit cannot be kept closed by these handles ; the twitching which 
ensues as soon as the circnit is closed, immediately breaks it again. 
When the shocks have become weaker, so that the circnit can be kept 
closed, the current prodnces a tingling Sensation in the fingers and wrists. 
If the wires from the poles be made to terminate in two basins fiUed with 
acidnlated water, the circnit may be completed by plnnging the hands in 
these. The wires shonld in this case terminate in plates 4 inches sqnare, 
to increase the snrface of contact. The shock will pass throngh several 
persons, if they hold each other with wet hands ; bnt it is then very mnch 
enfeebled. 

[291] The spur WheeL — ^The effect of qnite feeble shocks becomes 
intolerably great when they follow each other in qnick snccession. For 
this pnrpose the circnit mnst be rapidly closed and broken. This can be 
aocomplished very readily by connecting a rasp with one pole and drawing 
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tbe other terminal mre rapidly across it. Anj body inserted in the 
current will then receive shocks in rapid snccession. 

Tbe interruptions may be prodaced with more regnlarity, and the 
interral between them regnlated at pleasure, by means of the apparatos, 
fig. 584. It consists of an old dock wheel, the iron azis of which rests 

Fig. 584. 




on two brass posts fixed in a board, with one of which the wire a is con- 
nected, while the spring h strikes against the teeth. As often as the 
spring passes a tooth the cnrrent is intemipted. The teeth may be 
amalgamated, to render the contact more perfect. Tbis is done by hold- 
ing a bit of paper, moistened with muriatic acid, against the teeth while 
tbe wheel is revolving, and then passing them throngh a cnp of mercnry. 
Neef's apparatas for tbe same purpose has, instead of the notched 
wheel, a circle of brass, into the circnmference of which piecea of boxwood 
or ebony are inserted at regulär intervals. In tbis case, tbe spring h 
need not have so much elastic force. Tbis apparatas is free from the 
clicking noise which tbe other roakes, bat tbe spring is apt to drag 
metallic particles over the sarface of the wood, and thas render it a 
condnctor. 

[292] FhyBical effects of the battery : sparks and calo- 

lific effects. — Sparks of appreciable length can only be obtained with 
Tery powerfnl apparatas, by induction. The ligbt evolved is generally 
prodaced by the combnstion of tbe ends of the condncting wires, and 
especially of the mercary with which tbey are amalgamated. Tbe sparks 
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prodaced when the carrent is interrnpted are brilliant in proportion to 

the lengtli and thickness of the condncting wires. If a pari of the circnit 

be too thin to condnct the cnrrent, it becomes heated, even fnsed or 

Tolatilized. The intensitj of the heat is proportioned to the thinness 

and shortness of the wire and the size of the plates. A single Wollaston's 

element of the dimensions assigued is 

sofficient to ignite a very fine platina 

wire, stretched between the poles, as 

shown at p p, in fig. 585. When the 

wire is very fine, and not more than 

^ to ^ inch long, it becomes red hot 

as often as the element is immersed 

in the aeid. By the method deseribed 

in § 268, No. 5, it is easy to make iron 

wire fine enongh to be ignited and 

melted with apparatns of moderate 

power. To bnrn a watch-spring re- 

qnires a more powerfal battery than a 

simple Wollaston's. 

A sheet of gold or silver leaf, hnng like a flag on one of the electrodes 
of the battery and made a part of the circuit, bums with a brilliant light ; 
if the other eiectrode be passed over the foil like a knife, it burns a way 
for itself, so that the metal may thns be ent into strips. The same 
brilliant eombnstion is prodnced by connecting a file with one pole, and 
drawiog over it a fine wire connected with the other ; the wire bnms with 
A shower of sparks. To obtain the bow of light between charcoal points 
reqnires 12 to 24 good Bnnsen's Clements of the size deseribed. For this 
pnrpose, take cylindrical pieces, ^ to ^ an inch thick and 2 inches long, 
pointed at one end, and made either of the same material as the carbon 
Clements, or of coke. Charcoal does not condnct well enough, and can, 
therefore, only be used with very powerfnl batteries.* Carbonaceons 
deposits are fonnd adhering to the iron gas retorts, which are extremely 
dense and very snitable for this pnrpose. The pole wires shonld be 
wrapped aronnd them several times to increase the surface of contact, 
and the points of the coal then brought together. With a battery of 40 
or 50 pairs, the carbon points may be drawu apart, after they become red 
hot, to the distance of ^ inch, and an arch of light of dazzling brightness 
obtained. Pointed wires coated with soot glve a brilliant light when 
the circnit is closed. 

* Willi a Bunsen's battery of 12 elements, boxwood charcoal gives very good 
resnlts. — Tram. 

9^ 
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Ab the distance between the coals mnst remun constaot dnring this 
ezperiment, and the inflaence of the magnet od the arch shoald also be 
exhibited, a stand like fig. 586 is very convenieDt Two stout metal rods 
fixed in a wooden base carry eaeh a conple of sliding clamps. The con- 
docting wires are fixed in two of these, a a, and the coal points, with 
their wires, in the other two. The wires to be melted maj be held in the 

Fig. 587. 
Fig. 586. 





same way, the clamps being Tery convenient, especially for very fine 
wires, which are apt to slip ont of the binding screws. The carbon points 
may be fixed at the proper distance, and a Leyden jar discharged throogh 
them to Start the carrent, which will then contlnne. A special sapport 
for this experiment is shown in fig. 587. The coal is held in metalUc 
tnbes, and the npper rod slides in its socket. The middle part of the 
colnmn is made of glass. 

[293] Blasting by galvanism« — Glose boih ends of a small 
glass tube with so and corks. Through one of these throst the bare ends 
of two well-insnlated copper wires, so that they will project about ^ centi- 
meter within, and be as far apart as possible; scrape them clean and 
connect them by a fine, bright, iron wire. Cement the cork tightly in 
the tobe, and, afber filling it with gnnpowder, cork np the other end also, 
and cement it Tie the insnlated wires together, wrap them again with 
silk as far as they are to be immersed in water, and yarnish them over. 
These preparations mnst be made some weeks before the experiment, to 
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ftllow the varnish time to dry. Lay the cartridge in a tob filled with water, 
Cover it with a board, and from a safe distance pass throagh the condoct- 
iog wires a cnrrent snfficient to melt the small iron wire. The experi- 
ment shonld be made oat of doors ; the tnb is generallj barst open. 

[294] Production of cold by the galvanic current.— 

Solder together a bar of bismnth and a bar of antimony-glance, each from 
2 to 4 Square lines, in transverse section, so as to form one continnons 
bar, and send a cnrrent throngh them ; a rednction of temperatnre will 
take place at the Joint when the cnrrent goes from the bismnth to the 
antimon j-glance, and a rise when it passes the other waj. The bars, with 
a Short copper wire fastened to each, mnst be inserted in a glass bnlb, 1 
to 1^ inches in diameter, with a long neck, like fig. 588. In soldering 
copper to these bars, it mnst first be tinned. The cementing may be 
done by freqnent applications of thick Solution of sealing-wax, as the bars 
cannot be made hot enongh to melt sealing-wax. Plaster of Paris is too 
porons for the purpose. Dip the end of the tnbe a in a glass of colored 
water, and warm the bnlb b with the band, so as to expel some of the air 
and allow the liquid to rise in the tnbe. Mark the height to which it 
rises by a thread, and fasten the apparatus to an npright stand. Send a 
cnrrent, by means of a pole-changer, altemately in opposite directions 

Fig, 589. 
Fig. 688. "^ 
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throngh the bars, and the thermometer will indicate rapid changes in the 
temperatnre. A streng current produces an elevation of temperatnre in 
either dlrection. A Single Wollaston's dement is very convenient for 
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this ezperiment» as the qaantity of liquid in the glaas can be increased or 
diminished so as to obtain a corrent of saitable strength, withoat distnrb- 
ing the apparatas. An arbitrarj scale may be attached to the tabe, which 
must be so arranged that it can be taken out and emptied of the liqoid. 
Fig. 589 represents snch an arrangement 

[296] Chemical effects of the hSLttery.—Decamposüion of 

water, A Yerj simple apparatus for this pnrpose is represented in fig. 
590. Bore two smaJl holes in the bottom of an ordinary wineglass, with 
a Steel drill and spirits of turpentine; close them with good corks, and 
thrast platina wires through the corks. Twist a wire aronnd the stem of 
the glass and bend the two ends into hooks above, upon which hang two 
glass tnbes closed at one end, at such a height that the ends of the 

Fig. 591. 





platina wires will project about 2 lines within them. The wires shoald 
be coTered with sealing-wax as far as the bottom of the tnbes. Only this 
projecüng portion of the wire need be platina, the rest may be of oopper. 
Fig. 591 represents another form of the apparatus. Take a glass fonnei 
and cut off the tube, except about an inch ; close the lower end with a 
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^od cork (inserted from above) through which two platina wires termin- 
ating in slips of foil are passed, and cover the cork with melted waz. 
Solder copper wires to the platina on the outside, and moont the funnel 
and tabes on a wooden stand. 

Pot slightlj acidalated water in the glass, and fill the tobes with the 
same. The tobes shonld be of the same diameter, to show the difference 
in the qnantity of the gases evoked. 

The gases may be obtained in greater quantity bj means of the simple 
apparatns, fig. 592. The glass tabe m n p is 4 to 6 lines in diameter. 
The corks, the platina wires c d, and the tabes a h mnst be inserted air 

Fig. 593. 



Fig. 692. 





tight. The wires end in slips of platina foil e/, (which are needed for 
other experiments,) reaching nearly to the bend of the tube. The tubes 



a b are connected by india-rabber with 
tabes leading to a small pneamatic 
troagh, where the gases may be collected. 
The platina foil by increasing the sarface 
makes the carrent stronger. Fig. 593 
represents a convenient support for the 
apparatns. 

The apparatas in tig. 594 delivers both 
gases together. It consists of a wide- 
moathed glass jar closed with a cork, 
throagh which two insalated copper 
wires are inserted. The wires may either 
be coated with sealing-wax or inclosed in 
glass tabes. Platina plates are soldered 
to these wires, and the gas is delivered 



Fig. 594. 
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by a bent glass tobe. It is more cooTenient wheii thu tabe has a flexible 
Joint of iDdia-nibber. The lower side of the cork and tbe copper wires 
are coated witb sealing-waz, and the plates placed verj near each other. 
The glass is fiUed with slightly acidalated water. It is better to haye the 
wires of platina soldered to the plates with gold, and connected with 
thick copper wires on the ootside ; for the latter are attacked bj the acid 
in spite of the coating of sealiog-wax. In these experiments, from 6 to 
12 Clements are required to obtain the gas in abnndance, for the watar 
opposes a great resistance, althongh decomposition begins with eyen 
three or fonr Clements. The gas maj be led directly into soap-sads, and 
the bubbles ignited as soon as they hare detached themselves from the 
tube. The explosion is always sharper than that of the artificial miztare, 
becanse the gases are pure and in exactly right proportions. When the 
quantity of gas is to be measured, the platina plates mnst be constantlj 
beneath the snrface of the liquid, for they wonld otherwise canse a partial 
reanion of the two gases. For this parpose, the apparatus may be made 
in the form of fig. 595, in which the conducting wires pass through a 

Fig. 595. 




board coated well with sealing-wax, over which Stands a little bell-glaas, 
with a gas tube passing through its tubulns. If no exactly suitable yessel 
is at band, it is better to bore two holes in the bottom of a glass cylinder, 
and pass the wires through these holes and the npper part of the board 
to the binding screws. The bubbles mnst ncTcr be ignited when standing 
immediately over the month of the tube, eise the explosion will be com- 
municated to the interior of the generator ; they shonld always be fint 
drawn to the side of the vessel. 

Iron plates may be substitnted for platina, and placed in a Solution of 
1 part by weight of caustic potash to 9 parts of water. The plates maj 
be coiled np into a spiral, so as to increase their snrface very mnch, aod 
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thereby increase also the qaaDtity of water decomposed. Spirits of tnr- 
pentine poured OTer the solation of potash will prevent spattering. This 
arraogement is not preferable to platina for measarements. With platina 
electrodes, the acidnlated water nrnst be free from salts of eIdc, otherwise 
the negative pole will become coated with black metallic zinc, and the 
eTolntion of gas will cease at this pole. 

[296] Explosion of Chloride of nitrogeiL— When the polea 

of a Bansen's batterj of 6 to 8 pairs are connected with platina plates 
immersed in a verj strong solntion of sal ammoniac, chloride of nitrogen 
18 fonned at the positive pole. If the solntion be covered with spirits of 
tarpentine, the little yellow drops of chloride of nitrogen explode very 
sharply as soon as thej come in contact with it. The ezperiment succeeds 
better when the liqnid is warmed. 

[29Y] Decomposition of salts. — The simplest mode of per- 
forming these experiments 

is to take a bent glass tnbe, ^9- 596. 

snch as is represented in 
fig. 596, and fill it with a 
Solution of some neutral 
Salt, colored with litmns. 
Insert a platina electrode 
of a battery, of 3 to 6 pairs, 
in each end of the tube. 
The Solution will be colored 
red at the positive pole, 
and blue at the negative; 
bj reversing the poles the 
colors will also be reversed. 

[298] Eleotro-llietallurgy* — A modificatlon of BecquerePs 
battery, fig. 597, is very convenient for small galvanoplastic Operations : 
e is a candy jar with the bottom cut off; 
the mouth is closed by a piece of beef 's 
or hog's bladder, and a sheet of zinc so 
arranged as to rest on the Shoulder just 
over the bladder, but not in contact with 
it It is advisable to wrap the zinc in a 
clotb, otherwise the falling particles of 
zinc will induce a deposit of copper on 
the bladder beneath them. Support the 
glass in the outer vessel on a wire tripod, 
leaving a space of 1 or 2 inches below the 
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bladder. Tfais support is made by simplj twisting two wires together, as 
in fig. 598. A tripod of glass, fig. 599, placed beoeath the jar, is, in some 
respects, better. A stont copper wire or ribbon is soldered to the zinc, 
and dips into a cnp of mercary q, and from this a second wire goes to tfae 
monld, which lies on the bottom of the Tessel and forms the seeond 
element of the batterj. Those parts of the wire which dip into tfae 
liqaid are vamished over. The insertion of the mercurj cnp makes it 
Fig. 598. 

Fig. 600. 
Fig. 599. 






easier to take the apparatns apart, which is freqaentlj necessarj. When 
the mould is hard, the connecting wire is merely laid on it ; if the monld be 
soft, it is thrast into its side. As the copper is deposited most rapidly 
where the wire rests, its position should be changed freqaenily when tfae 
mould ezceeds 1 inch in diameter, or two wires be nsed. The zinc may 
also be placed verticallj in its cell, and the condacting wire fastened to \i 
bj a binding screw, as seen in section in fig. 600. 

Fusible metal, made of 8 parts of bismath, 8 of lead, and 3 of tin, may 
be used for taking the casts; thongh they are generally made of wax 
mixed with ^ of plaster, or of stearln. The original most be well cleaned, 
and a rim of paper, ^ inch high, tied or pasted aroand it Breathing 
npon the mould just before pouring in the wax, which must not be too 
hot, facilitates the remoyal of the cast. A thin film of grease answers 
the same purpose. The mould should be slightly warmed, so that the 
mass will not harden at once. Plaster casts are very hard to copy ; they 
should be laid in a plate with water, and the materials poored orer tbem 
as soon as the water penetrates to the surface. 

To render a wax mould conducting, brush it over with precipitated 
metalHc silver, or finelj levigated graphite, with a hair pencil, making a 
streak also down the side, where the conducting wire is inserted. Lay 
a rim of shoemaker^s-wax aronnd the mould, so that the deposit of copper 
may not creep over the edge, which makes it difficult to detach. A 
mixture of 20 parts of glue and 2 parts sngar, boiled with very little 
water, forms an elastic mass, like that used for printer's roUers; under- 
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wroQght objects can be copied with this material. An addition of a 
little linseed oil is said to render it darable in the galvanic bath. Gutta- 
percha, pressed OYer the heated model in a yice, also makes good monlds. 

The vessel a, fig. 597, is filled with a Solution of sulphate of copper, 
which 18 kept satarated, and b with yerj dilate sulpbnric acid (^\ to ^'0.) 
In Order to be snre of saccess, the Solution of copper must be free from 
zincy which it will not be if it has once been used for DanielPs battery. 
To render the copper tough, add 5 to 10 per cent of oil of vitriol to the 
Solution. The copper will be thick enough to be remoyed in 12 to 24 
honrs. RemoTe the shoemaker's-waz first, and raise the copj straigbt up 
with a knife blade, while the mould is held in the other band. 

When any other batterj is used for galranoplastic Operations, connect 
the mould with the negative pole, and the positive pole with a copper 
plate, of the same size as the mould, placed parallel, half an inch ft'om it. 
(The positive current passes through the liquid element from the ziDC to 
the copper, and out of the liquid from copper to zinc ; the copper end is, 
therefore, the positive, and the zinc the negative pole.) For larger 
objects the batterj is used directly, and a strenger animal membrane sub- 
stituted for bladder. 

[299] Gilding and Silvering* — General remarks* Among 
the many methods proposed for the precipitation of gold, etc., by galvan- 
ism, the decomposition of the cyanides is the best for our purposes. The 
best battery is Daniell's, because it can be used in any Situation, and 
yields a more constant current than any other. It can be used without 
interruption for weeks, requiring only the occasional addition of a little 
fresh acid, and an entire renewal of the same every 4 or 5 days. With 
Bunsen'd or Grove's battery, sulphnric and nitric acids, diluted with ten 
times their weight of water, will produce a sufficiently strong current. 
For technical purposes it is advisable to insert a galvanometer, consisting 
of a simple strip of copper, beut at right angles, in the middle of which a 
needle is suspended. A slit is made in the upper part of the strip, in 
oider to judge of the proper position of the Instrument before closiug the 
circnit. The needle may be a piece of stout knitting-needie suspended 
by a silk fiber (3 to 5 fold) in the manner indicated in figs. 601 and 602. 
An astatic needle arranged as in fig. 603 would be better, because the 
current is feeble. A few experiments will determine how much gold is 
precipitated in an hour, with various deflcctlons of the needle, and the 



* This Bubject is treated here only so tar as it is useful in physieal Instruction, or 
may be reqnired in gildiog parts of apparatus, without regard to whether the pro- 
cess be the oheapest or the beet on a large scale, provided it be simple and certain. 
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qaantity of the other metals caa be calcolated from this. This farnishei 
an approximate measure of the qaantity of gold deposited on any object, 



Fig. 601. 



Fig. 602. 



Fig. 603. 




which is verj conyenient even for the amatenr. Fig. 604 represents a 
galvanometer of the simplest constraction ; the copper is separated at 
a hj Tarnished wood. 

Fig, 604. 




The solations of the metals, ezcept platinam, are prepared bj g^Tanic 
agency, by soldering to the positive pole a plate of pure gold, silver, or 
copper ; and to the negative, a slip of platina foil. The ordinary gold 
and silver coins are not pure enongh for the purpose. Pore copper can 
be obtained by galvanic precipitation, for the copper of commerce is not 
always pure enough. Fase the preeipitated copper, ander boraz, in a 
Hessian cmcible. Immerse the electrodes in a Solution of Cyanide of 
potassium in distilled water, until the metal dissolved from the positive 
electrode begins to be deposited at the negative pole. In preparing the 
silver Solution, the negative electrode mnst be gold. The solntions of the 
metallic cyanides can be kept unchanged in closely stoppered bottles, bot 
the Cyanide of potassium decomposes. 

All the articles to be plated must be cleaned, first with lye, then with 
dilute sulphuric acid, or soot and dilute nitric acid, and finally with cream 
of tartar and a stiff brush. They should then be washed off with pare 
water, and placed immediately in the bath, and the circuit closed. The 
positive pole is inserted in the liquid first, and then the negative pole with 
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the object to be plated. The wires sfaonld be bent so tfaat one will be 
in contact with the object, and the plate connected with the other parallel 
to the same. 

Too mach care cannot be taken to prcvent the amalgamation of the 
artides by mercnry. The least trace of it on the hands will spread over 
the clean metallic garfaces. The mercnrj can be drl?en off by heat, bat 
it 18 apt to leaye spots. In arranging the battery, the Operator shoald 
wear gloves, on acconnt of the amalgamated zinc, or cleanse the hands 
thoronghly afterwards. 

The decomposing cell shonld, if possible, be made of glass or porcelain ; 
bnt, to aYoid the necessity of too mach liqaid, one will often ha?e to ase 
stoneware. 

The temperatore of the bath is not indifferent ; the Operation does 
best at a temperatore of 75° to U0° F., thoogh it socceeds between 60° 
and 70° 

A part of the metal is always deposited in the form of powder or of 
acicnlar crystals; as soon, therefore, as the articles cease to ezhibit a 
bright metallic laster, they shoald be taken oat, and washed with water, 
and cleaned with cream of tartar. The poisonons natnre of the solation 
of cyanides mnst never be forgottcn while handling the articles. This 
palvemlent deposit may be partially prevented by occasional additions of 
Cyanide of potassinm, of which the solation shoald always contain an excess. 

The carrent mnst never be strong enoagh to caase the formation of 
bnbbles of gas on the sarface of the electrode. Feeble carrents prodnce 
more aniform deposits, and reqnire less freqaent cleaning. The strength 
of the current can be controlled completely, within the limits required, by 
immersing the positive electrode to a greater or less depth, or changing 
its distance from the object to be plated. 

[300] Special management of the Solutions. — OUding 

and silvering. In addition to what has already been said, it shoald be 
remarked that these Operations sneeeed best with a Single dement; and 
that it mnst not be snpposed that an article is gilded as soon as it becomes 
yellow. This error has contribnted mach to bring electro-plating into 
discredit. It is, therefore, very desirable to know how mach gold is pre- 
cipitated in an honr with a carrent of given strength ; for, according to the 
investigations of Dnmas, fire-gilt articles have 28 to 130 milligrammes of 
gold on 50 sqnare centimeters. This does not amonnt to 2 dollars on a 
Square foot, althoagh gilders speak of 3 dollars to the sqaare foot ; bat 
by the galvanic process, it is easy to deposit 4 dollars to the foot The 
articles are, however, dall and mnst be barnished. 

An object to be thickly gilded mnst be taken ont as soon as it begins 
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to be doli or brown, and rabbed with a wire brosh or a stiff tooth-brosh, 
cleaned with cream of tartar, and again immersed. The same proceas 
must be repeated nntil the gold becomes thick cDongb. When the gilding 
does not proceed well, or becomes epotted or pale yellow, the article most 
be cleaned, and a Inmp of Cyanide of potassiam added to the solation; 
a deep-yellow color cannot be prodnced withont an ezcess of Cyanide of 
potasBinm. When it is de8inü>le to g^ld more rapidly, a cnrrent strong 
enongh to prodnce a copions erolation of gas may be nsed, and the object 
allowed to become very brown. After removal from the bath it is rabbed 
first with the finger, or with fine linen, and then with the wire brusb. 
If the browning be not carried too far, the linen will show no trace of 
gold, and even the scratching brnsh will detach Tery little. In one case 
in which I precipitated 1 milligramrae of gold npon 1 sqnare centimeter 
very rapidly, I fonnd, after nsing the brnsh, scarcely y^j less gold; bat 
with twice as thick a coat the linen was colored, and, after bmshing, I had 
lost ^Y^l to j%, The precipitation is rery much aided by the addidon of a 
very small qnantity, not over ^jf^ji, of sulphide of carbon to the metallic 
bath as often as it is nsed. 

A very simple apparatns for gilding and silvering is made by cntting 
off the bottom of a wide-monthed phial, and tying a bladder over the moatb. 
In this is placed a piece of zinc, to which is soldered a strip of copper, 
F'g, 605. which is afterwards bent as in tig. 605, so that the spiral will 
stand i to ^ inch from the bladder. The strip is eoated with 
sealing-waz up to the spiral. By snpporting the phial on a wire, 
as Seen in fig. 598, in a small tnmbler, we obtain a battery for 
electro-gilding. This battery is charged with fresh solntion of 
Cyanide of potassium in the zinc cell, and the gold or silver 
Solution in the onter cell. The objects to be gilt are laid on 
the spiral, which is also eoated, bnt they mnst be tnmed once. 
This battery works very powerfdlly. Gold mnst be added to the solntion 
when it becomes too poor. 

Frankenstein^a proceas. In this process a brass wire, to which a bit 
of zinc is fastened, is wpnnd loosely aronnd the object, or, instead of the 
wire, a thin, narrow strip of zinc, and the whole placed in a gold or silver 
bath, warmed to abont 167° F. The bath consists, aocording to Frank- 
enstein, of 1 part Chloride of gold, 4 carbonate of potash, 6 ferrocyanide 
of potassium, and 10 water, boiled together for ^ to | of an honr and 
decanted. Instead of this Solution, the ordinary Solution in Cyanide of 
potassinm, with the addition of potash or soda, may be used. For silvering, 
Frankenstein recommends 1 part chloride of silver, 5 ferrocyanide of 
potassinm, 5 carbonate of potash, 2 common salt, 5 liquid ammonia; the 
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liquid ia boiled and decanted as before. ' The articles mnst be taken ont 
and cleaned everj 10 or 20 minates, and the zinc wonnd oyer other places. 
The qnantity of gold precipitated in a minnte depends on the strength of 
the Solution, and this most be determined for a g^ven strength bj the 
balance, until some experience is acquired, or bj analysis of the solntion 
remaining. When the Solution is very weak the Operation proceeds yery 
slowlj, which can be ascertained by the time which elapses before the 
article becomes yellow or brown. It is asserted, that with the proportions 
giyen, and with repeated washing, 1 dollar per Square foot can be deposited 
in 40 minutes. The gilders usually take more dilute Solutions. Iron can 
be gilded in this way without previous coppering. 

Coppering, At least three Clements are required for this Operation, 
the decomposition of the Cyanide of copper being more difficult than that 
of the combinations of gold and silrer. In coating iron with copper as a 
preparation for subsequent gilding, it mnst be cleaned with great care, 
attached to the negative pole, the positi?e pole immersed first in the 
Solution, and then the negatiye pole. When they are introduced in 
reyerse order, the iron and the copper wire form with the liquid a closed 
circnit; and the iron being attacked, hinders the firm adhesion of the 
copper, so that it soon falls off, or at least the iron rusts. The article is 
only thinly covered with copper, and then connected with the negative 
pole and immersed in the solntion of gold. The gold should be laid on 
thickly. Unfortunately, the gilding cannot always be done so perfectly as 
to prevent the subsequent rusting of the iron. Where the Operation 
succeeds well, the articles can be laid in dilute nitric acid without injury. 

Brazing. A Solution of brass is prepared by placing a strip of copper 
connected with the positive pole in a Solution of Cyanide of potassium, 
with a platina negative electrode, until copper begins to be deposited on 
the latter; zinc is then used for the positive pole, until the deposit on 
the platina assumes a brass-yellow color. In this bath, iron can be coated 
with brass. The articles must first be lightly coppered, and then placed 
in the brass bath, using zinc and copper together as positive pole, and 
immersing the one or the other deeper, as the color of the deposit 
requires.* 

Flaiinizing, A Solution of ammonio-chloride of platinum in water is 
used for this; but the Operation has never yet been brought to the per- 
fection necessary for practical pnrposes. According to Jewreinoff, an 



* The autbor has never sucoeeded in plating iron with brass, by using brass as 
the positive pole, as direoted by Jaoobi ; the article was always oovered with zino, 
and the brasa wire became blaok. 
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adherent coat is obtained in the foUowing way : 1 part of platina is dit- 
Bolyed !u aqaa-reg^a, the solation evaporated to drjness in a water bath, 
redissolved in water, and 1 part of caustic potash dissolved in water added 
to the solation. The preeipitate, together with the snpematant liquid, 
is boiled with a Solution of 2 parts of oxalic acid, nntil the precipitate is 
redissolved, and a Solution of 3 parts of canstic potash added to it The 
articles mnst be treated in this solation with feeble carrents seyeral times, 
being cleaned and bnmished after eaeh treatment. 

[301] Nobili'S OOlored rings. — These beantiful rings ar& pro- 
daeed on a small silver coin besten oat thin, or on a dagaerreotype plate. 
If the coin be selected, it mnst be made qnite smooth and groond off 
bright ; the coin is better, because the rings can easily be mbbed off and 
renewed at pleasnre, which is not so easj with the dagaerreotype plate. 
The experiment is made by placing on the siWer a few drops of acetate 
of copper, aud tonchlng the plate through the liqnid with a pointed piece 
of zinc. The contact is continaed as long as the rings continae visibly to 
increase. The rings are fiuer when prodnced by a battery of 3 to 6 Cle- 
ments. The siker plate is connected with the negative pole, aod the 
pointed wire from the positive pole dipped into the liqnid withoat toach- 
ing the plate. The plate mnst be held horizontal, so as to hold a con- 
siderable qnantity of liquid. German-silver may be used instead of silrer, 
but the rings will not be so handsome, for this alloy reduces copper pf itselt 

[302] The beantiful colors frequently seen on bells and other orna- 
mental articles are also prodnced by galvanism. They were dlscovered 
by Becqnerel, and are prodnced in the following way : Dissolve 1 part 
caustic potash in 5 or 6 parts water, and add an ezcess of finely pulverized 
litharge ; boil the mixtnre half an hour in an earthen pot, stirring it con- 
tinually; filter the liquid and preserve it in close vessels. Pour the 
liquid in a brass or leaden vessel large enough to hold the article to be 
colored, connect the latter with the positive pole of a battery, of 3 or 
more Clements, immerse it in the lead bath, and connect the vessel with the 
negative pole. The precipitation takes place so rapidly that when the 
current is strong, it is not always easy to stop at the desired color; it is 
best, therefore, to use a feeble current. With brass, the wire mnst be 
placed in contact with the cell, and the article introduced slowly, edgewise. 
It is advantageoas to gild it lightly beforehand. 

To produce the rings distincly, so as to recog^ize the succession of 
colors, immerse in the liquid a plate of Gkrman-silver laid on a spiral 
wire, connected with the positive pole, but not in contact with the metaUic 
vessel. Hold a round platinum plate, connected with the negative pole, 
opposite the center of this plate. 
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[303] Magnetio effeots of the ourrent.— To iiiastrate tfae 

action of the galyanic cnrrent on the magnetic needle, fluten to boards 
two copper wires bent as in fig. 606, with the plane of one rertical and of 
the other horizontal. Place them with the vertical plane of the one and 
the gides of the other in the plane of the magnetic meridian. Hold a 

Fig. 607. 



Fig, 606. 




magnetic needle above and below the horizontal, and beeide the yertical 
parts of this cnrrent. Hold a short dipping needle near them in the same 
manner. The needle represented in fig. 607 is very conrenient for this pnr- 
pose. To render Ampere's expression of the law of deflection more 
distinct, little jointed dolls with the left arm extended may be fastened in 
the direction of the cnrrent, so that they can be tumed abont. Tnm the 
face of the doli each time toward the needle. 

[304] The galvanometer. — ^Besides the simple compass described 
in § 299, accnrate measnring instrumenta shonld be described : these are 
the mnltiplier, the tangent compass, and the compass of sines. All these 
instmments reqnire a firm snpport, such as a bracket on the wall, not 
connected with the floor. Short condncting wires terminating in binding 
screws shonld be fastened to the wall, and the movable condactors fastened 
to these. 

The muüiplier. There shonld be at least three mnltipliers : one with 
20 to 30 tnrns of wire, ^ to § millimeter thick; one with 100 to 200; 
and another with 1000 tnrns of ' very fine copper wire, such as is used for 
wrapping strings of catgnt The constmction is in other respects the 



Digitized by 



Googk 



352 



PHTSICAL EXPERIMBNTATION. 



same in all ; they are all fiirnished with aatatic needles, the inner of whicli 
can easily be removed if necessary. For some parposes moltipliers of 
sereral thoosand turns are needed, but 1000 is sufficient for pbysical ex- 
periments. 

The wire, well wrapped with silk, is wound on a Square wooden frame, 
like fig. 608, about 2 inches long in the elear. Two opposite sides are 
CQt away above and below to the thickness of 3 to 5 lines, so that the 
Space within the coils will be that wide. The wire is woand in layers 
between projections left standing above and below, so as to leaye a slit at 
the top. The ends of the wire mnst project on the same side, and be tied 
so that the wire cannot uncoil, which annealed wire will have no tendency 
to do. The frame is screwed down upon a Square board, a little longer 
than itself, fnmished with leveling screws. The needle will come to rest 
soon if the interior of the coil be coated with foil, so that it will vibrate as 
if between two metallic plates. 

.Fig.ß09. 



Fig. 608. 





On the Upper bars of the frame is fastened a plate of ivory or of wood, 
covered with paper, with a graduated eircle equal in diameter to the 
length of the needle. A slit is made in this clrcle from 0^ to 180^, cor- 
responding to the slit in the coil, and a line drawn at right angles to it 
through the ceuter. 

To hold 1000 or roore turns of wire the space for the needle must be 
omaller, and the flanges which confine the wire larger. Fig. 609 repre- 
sents the frame for this. As the Spaces for the introduction and Vibration of 
the needle must be made verv small, they should be inclosed by thin boards, 
to prevent the intrnsion of ihe wire. When the wire has several thousand 
tarns, it is advisable to attach binding screws to the ends of cach thousand 
separately; the Operator has it then at his Option to connect the various 
lengths so as to form a continuous wire, or a shorter and thicker wire, 
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opposing 1668 resiBtance, and less BensitiTe. It is convenient to make the 
seyeral lengths of different colors. Figs. 610, 61 1, and 612 show the 



Fig. 610. 



Fig. 611. 



Fig. 612. 




Tarioos combinations for 4000 toms. In very sensitiye mnltipliers it often 
occuni that the needle recedes from the zero llne, and when it is twisted 
steadily toward it, spring^ saddenly to the other side. This is caased by 
the presence of iron in the copper wire, and most be corrected, if neces- 
sary^by the addition or snbtraction of a constant error, the determination 
of whieh is beyond the limits of this work. 

The needles are made of bits of thin steel knitting-needle, 2 or 3 lines 
shorter than the space within the i^ame will admit They are sospended 
in the manner indicated in fig. 613, or fig. 614, by a siegle cocoon fiber 



Fig. 614. 



Fig 613. 




Fig. 615. 



wonnd aronnd a screw head, inserted in an arm which is fastened to the 
plate, fig. 615. The fiber rests in a smooth notch in the end of this arm, 
which mnst be ezactly over the center of the circle. 
The needles can be raised or lowered by tnming 
this Bcrew. The upper needle serres as an index. 
There shonid be some means of fastening the Up- 
per needle to the plate, to prevent the breaking of 
the thread in moving the apparatns. Fig. 616 
represents a simple way of accomplishing this : a 
is a brass slide which can be fastened over the end 
of the needle by the screw 6. 

The ends of the wires shonid be fastened or 
Boldered to binding screws, like fig. 549. The instrnment is coYered with 

23 
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a glasB case, leaying the binding screws, of conrse, on the ontside. In 
uslDg the instrament, the zero point mast be tarned towaid the north. 

Fig. 616. 




The apper needle shoald be a little the strenger, so that the visible north 
pole may point to the north. The deflection of the needle, not its first 
oscillation, ronst be taken as a measnre of the force of the corrent In 

Fig, 617. 




the multiplier, however, and in the simple compass, the force of the corrent 
bears no simple ratio to the deflection, as it does in the tangent compass 
and compass of sines. Fig. 617 represents the mnltiplier complete. 
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Astatic needles are apt to assnme, nnless one of them is considerablj 
stronger tban the otber, some other direction than that of the magnetic 

Fig. 619. 



Fig. 618. 





meridian. This does no härm in the galvanometer, provided the zero of 
the Scale be placed in the direction of the needle. This dlfficnlty arises 
Fig. 620. 




from the needles not being in the same vertical plane, and is difficnlt to 
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overcome; it becomes more perceptible as the needle ib more perfeetly 
astatic. Perfectlj astatic needles, not sitnated in the same vertical plane, 
oaght to place themselves at right angles to the meridian. 

When the npper plate is made of copper, it serres as a check npon the 
vlbrations of the needle, bringing it to rest sooner. 

It is very convenient to have the instrament movable on a pivot in the 
base, as represented in fig. 618, so that the position of the needle can 
easily be adjasted by torning it It is well also to have brass pegs fixed 
in the circle at 90^ and 270^, to prevent the needle from being thrown 
eompletely ronnd. 

In very delicate galyanometers, the needle shonld be capable of being 
raised and lowered withont removing the glass case. Bore a hole 
thrpngh the top of the cover, and attaeh to the piece which snpports the 
cocoon fiber a brass cap, represented of natural size in fig. 619. There is 
a sqnare hole in the center of this cap, and above a ring with two groores, 
in which a screw nnt is inserted. The fiber hangs on a hook at the end 
of a sqnare pin, which has a thread cnt on the other end. By tnming 
the nnt, this pin is screwed np or down. Fig. 620 represents a galran- 
ometer with all these conveniences. The frame for the wire is merelj 
slipped between two wooden cleats on the upper board. 

[305] Wrapping the wire. — ^Wire less than 1 millimeter thick 
is always wrapped with silk. Thicker wires are nsually covered with 
wool, or with silk ribbons made by cntting np old silk and sewing the 
Strips together. A firinge-maker can wrap almost any length of fine wire; 
bnt the thicker wire cannot be wrapped on small spools, and the length 
which can be wrapped in one piece depends on the room. A machioe 
for wrapping any length of wire is described in the next section. 

To splice the wires, scrape the ends and twist them together with the 
pliers. When the wires are thick, this distnrbs the regnlarity of the coüs, 
and it is better to solder them together with soft silyer-solder, and file 
down the Joint. The bare places are wrapped by band. 

[306] The wire-wrapping machine.— Pignres 621, 622, 623, 

624, and 625 represent a simple machine for wrapping endless wires. 
The same parts are marked with the same letters in all .the fignres, and 
figs. 624 and 625 are half the real size. 

The base A rests on feet, and npon it the board ^ ^ is fastened by a 
wooden screw and nnt (7, which works in a groove in the base, so that 
the board B and the wheel it snpports can be slid back in order to tighten 
the band. The iron axle of the wheel E works in brass bearings. The 
circnmference of this wheel is grooved for a band, and five grocves of 
varying radins are cnt on the axle. The cord which carries the spool 
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aronnd the wire works in the large groove, and that which poshes forward 
the wire in one of the smaller. We will follow the latter fint It passes 
from the wheel over two roUers a a, sliding on smooth iron rods, which 
are fized obliqnely in the base, and fastened above by a brass band to the 
brace T. As this band is designed to be movable, it is slit so as to slip 




nnder the head of a screw. From the rollen a a, the band passes at 
right angles to its former conrse to a wheel O, with threo grooves. The 
iron axle of this wheel tnms on screw points b b, the nats for which are 
snnk in the nprights MN. Besides this wheel, the same azle carries an 
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iron roUer coveied with leather, o, and the third npright has a deep 
slit from the top to adsüt the azle. The roUer diBof lead corered with 
leather ; its axle lies loose in the slit in 0. It Berves to prefls the wire 
on the roller c, bo that it moBt be pnshed forwaid when the wheel torns 




in the direction of the arrow. The wire is thns carried to the npright T, 
and pnshed throngh the tnbe x, fig. 624. This tnbe x is thmst throngh 
a slit in the npright, and held by the shonlder y and the nnt Z in soch a 
Position that the middle of the wire always coincides with the axis of the 
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tobe. The npright T can also be slid in the slit e. On the other side 
of the upright the tobe forma the azle of the spindle r, in one of the 

Fig, 628. 




grooves of which the cord from the large wheel works. The box of the 
spindle is of brass, and rons very easily on the tnbe, being kept on by the 

Fig. 624. 




tap m. Several of these taps mnst be proYided, for the hole in it must 
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Fig, 625. 



be very little larger than the wire, which paBses throngh it The spool 
8 is Stack OQ a smooth pin n driven into r. The silk is easily wonnd on 

these spools on the lathe. From the spool 
the thread is carried over the hook o, be- 
fore being attached to the wire. The spool 
is kept on the pin bj a little catch p. A 
fine brass wire g g is passed aronnd one 
end of the spool, to prevent its revolving 
faster than the silk is wonnd on the wire ; 
by toming the pin i the friction of the 
wire can be increased at pleasnre. The 
ratio between the revolntion of the spool 
and the advance of the wire can be varied 
by changing the dmms npon which the bands rnn, and the thickness of 




Fig. 626. 




Fig. 62?. 



the wrapping varied correspond- 
ingly. The wire shonld be wonnd 
on a roller behind the machine, so 
as to mn smoothly into it The 
wrapped wire shonld be wonnd in- 
to coils as it comes from the ma- 
chine. Before being wrapped, the 
wire mnst be well annealed. 
[307] The tangent oom- 

pass. — It consists of a stont cop- 
per ring, (2 to 3 millimeters thick 
and 1 to 2 centimeters broad,) at 
least 1 foot in diameter, and bent 
at right angles at the ends, as seen 
Fig. 628. 




in fig. 627, instead of being soldered together. The two extremities are 
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separated bj a Yarnisbed board d, inserted in the hole in the cylinder a a, 
figs. 626 and 62f , and the space filled np with blocks of wood b b, The 
cylinder aals snpported on three feet with leveling screws, and the ends 
of the copper, wi^ binding screws attached, project between these. The 
condncting wires are of copper wrapped with silk, 1 meter long and 2 to 
3 millimeters thick, and twisted together so as to nentrallze their inflnence 
on the needle. 

Instead of attaching the feet directly to the cylinder a a, this may be 
made to tnm within a second cylinder c c, fig. 628, and fastened by a 
thnmb-screwe; the ring can then be tnmed independently of the feet. 

Fig. 629. 




In the copper ring is fixed a wooden frame with a grocve, into which the 
ring fits. This frame is designed to snpport a compass, with a needle 
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onlj 1 inch in length^ and most be of snch a hei^t that the oenter of the 
needle will coincide with the oenter of the ring. Fig. 629 representa the 
whole apparatas, with the simple modification of carrying off the wires 
parallel to each other. A needle so short as 1 inch does not admit of 
a more minate gradaation than to 2 degrees ; and the error of paraUaz 
will be considered when the needle does not swing mnch beyond the 
plane of the ring. In fig. 629 the needle is prolonged by threads of 
black glass, and the circle made larger. It is cheaper to attach to the 
cylinder a two arms c c snpporting a table d d, fig. 630, aboat 6 inches 

Fig. 680. 




Wide, and 2 inches longer than the diameter of the ring. The ring is 
inserted throagh a slit in the middle, which is afterwards fiUed np agaio. 
A large compass, sach as is described in § 219, may be placed on this 
table, or a gradnated circle of paper pasted on it, with the zero points at 
right angles to the piano of the ring. The needle consists in this case of 
a bit of Steel knitting-needle an inch long, with a socket like fig. 601. 
To this socket are soldered two wires at right angles to the needle, 
extending to the gradaation. The needle is saspended by a cocoon fiber 
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fkrom the top of the nag» by the contri?anee repreaented io figa. 681 aod 
682. Thifl consists of a block of wood with a groo?e a in the top to 
admit the ring. The depth of this 

grooveis not qnite eqnal to the thlck- ^' ^l^' ^^' ^^^' 

ness of the ring, so that when the bar ^äfg 
c is acrewed oyer it the block will be 
held fiist on the ring. The block is 
also hoUowed ont below, and the pin 
e thnist throngh it^ tnrning with con* 
siderable friction. The cocoon fiber 
is wound on this pin, and passes throngh a smooth notch in the brass 
plate /, which is screwed to the bottom of the block. The apex of this 
notch mnst be ezactly oyer the center of the gradnated circle. The whole 
is coTered with a glass case, to protect it firom cnrrents of air. The 
needle may be fostened bj a similar contrivance to that described for the 
mnitiplier, or it may be hnng on a little hook at the end of the thread. 
The instmment is thns rendered more sensitive, while it may still be nsed 
with the strongest cnrrents, is more conyenient to read, and can be gradn- 
ated to at most one degree. If the index wires shonid be slightly bent, 
the error may be noted and corrected before the needle is deflected. 

The instmment can be read more accnrately by inserting a mirror within 
the gradnated circle. In reading off, place the eye in snch a positiou that 
the index wire will cover its Image in the mirror; error of parallax is 
thns entirely avoided. The same contrivance caoT be applied to many 
other instraments, where accnrate reading is necessary. 

With a tangent compass constmeted as described, a compass of sines 
may be dispensed with. It differs from the tangent compass only in 
being more sensitive ; bnt it is more complex, and, therefore, costlier. In 
nsing the tangent compass, place the ring paraUel to the magnetic 
meridian, and level the instmment. It is level when the center of the 
needle coincides with the center of the circle, provided that the stirrap on 
which the thread hangs be properly adjasted, which mnst be done at first 
with the aid of a spirit-level. To fix the plane of the ring accnrately in 
the magnetic meridian, the median line of the gradnation must be pro- 
dnced — ^with a diamond on a mirror — and must coincide with the middle 
of the ring. Two slits are made in the ring for the porpose of observing 
whether the direction of the needle coincides accnrately with this line. 

The delicacy of this instmment, i.e. the ratio between the tangent of 
the deflection and the real strength of the cnrrent, depends npon its 
dimensions, and shonid be determined by a series of experiments, by insert- 
ing at the same time a decomposing apparatns like fig. 594 or 595, and 
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collecting the gas in a gradnated tube. Oalculate from each experiment 
tbe quantitj of detonating gas correspondüig to the tangent 1, and take 
the mean of all ; from this it is easj to calcnlate the qnantity of gas pro- 
duced bj a cnrrent of any strength. In this way the data of yarioos 
instrnments are comparable. The tangent compass is a mnch more con- 
Tenient and reliable galvanometer than the decomposing apparatos, for 
the latter engrosses the attention of one obsenrer, whereas the former can 
be read at a glance. Besides this, the decomposition of water retards the 
cnrrent, and tbe qnantity of gas mnst always be rednced to 32^ F., and a 
pressure of f 6 centimeters. 

The delicacy of the tangent compass can be inereased by making the 
ring of thick wire, wonnd several times aronnd a wooden hoop. By 
attaching binding-screws to each tum, they may be combined at pleasnre. 
The diameter of the ring need never be more than 10 to 15 times the 
length of the needle. 

[308] The compass of Sines. — in this instmment the cnrrent is 
carried throngh a copper wire wonnd once or oftener aronnd a wooden 

circle, 6 or 8 inches in diameter. 
^9' 683 j^ magnetic needle is attached to 

this ring, so that its center coin- 
cides with the center of the ring, 
fig. 633. The ring is snpport- 
ed on the axis of a gradnated 
circle, the index of which mnst 
be at zero when the coils of the 
wire are parallel to the magnetic 
meridian. When the needle is 
deflected by the cnrrent, the 
ring is tnmed until it again 
coincides with the direction of 
the needle ; the strength of the 
cnrrent is then proportional to 
the sine of the deflection indicat- 
ed on the horizontal circle. The 
delicacy of the instmment in- 
creases with the nnmber of tnms 
of the wire. It is, however, not 
ayailable for cnrrents beyond a 
certain strength, becanse the sines do not increase indefinitely as the 
tangents do. This instmment is too complicated for domestic mannfoc- 
tnre, and has gone, in a great measnre, ont of nse. 
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[309] Conducting power and Ohm's law. — Constaot 

batteries of considerable power are reqaired to illustrate these subjects. 
The conducting wires may be wound on wooden spools, 1 to 1^ inches in 
diameter and 2 to 3 inches long, with screw threads, abont 1 line apart, 
cot on them. Well-seasoned pear-wood is the best for the pnrpose. 
The ends of the wires are thmst throngh holes bored at rigbt angles to 
the azis, and fastened by a plng. Thick copper wires, 8 or 4 centimeters 
long, are soldered to the ends of the wires, to protect theoL The copper 
wires with which the comparisons are made should be of precipitated 
copper melted down and drawn ont The difference in the conducting 
power of the metals is made most evident hj winding upon the spools just 
described equal lengths of copper, brass, iron, and Oerman-silver wire of 
the same thickness. A copper wire, of the same length and double the 
thickness, is also required. The thickness of the wires should be about ^ 
millimeter, and the length 3 meters. 

It will generally be sufficient to show the effect prodnced upon the 
tangent compass by inserting the wires snccessively in the circuit If 
more than this be required, the resistance of the dement, together with 
the compass and its conducting wires, must be determined by inserting 
the compass, first alone, then with various lengths of copper wire, and 
calculating the resistance of the element and the compass from the tan- 
gent of each inflection, according to Ohm's law, combinlng each obserra- 
tion with the first* But this process is too complicated for class 
instrnction. The laws can be illnstrated much more simply by means of 
the rheostat 

[310] The rheostat. — This is a contrivance by which varying 
lengths of the same wire, accurately measured by the Instrument itself, 
can be inserted in the circuit without interrupting the current. Bunsen's 
apparatus will serve to illustrate the use of all similar Instruments. 

Bnnsen's rheostat consists of a wooden cylinder, about 4 inches in 
diameter and a foot long. A screw, with threads about 1 to 1^ lines 
apart, is cut on the surface, and brass or Oerman-silver wire, ^ to 1 
millimeter thick, wound in the threads. The cylinder is tnmed by a 
crank on an iron axle, to which a wire is attached leading to the battery ; 
the beginning of the brass wire is also connected with the axle. From 
the wire, the current is carried throngh a brass slide which fits into the 
thread of the screw, and presses constantly on the wire. When the 
crank is tumed, this piece slides back and forth, so that more or less of 
the wire can be inserted at pleasure 

* Bj oombioing all together ire obUin nombers greater aooording to the length 
of wire inserted, beoauee the Polarisation changes. 
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Figs. 634 and 635 represent this apparatns, 4 the real size, except the 
threads, which, for tbe sake of distinctness, are made 4 ümes too larg«. 

Fig. 634. 

l . 




Fig. 635. 




Fig. 636. 



The carrent is introdneed, for iDstance, throagh the clamp /, passes 
through the iron axle, and from this to the wire at 5. From Üie wire it 
passes to the elastie piece of brass whieh slides upon the brass rod d c. 
An index fized to one end of this slide indieates the nnmber of taras 
between it and the end of the wire at 6. The 
slide is pnshed forward by a small block of wood 
with two or three threads fitting those of the 
cylinder. Fig. 636 represents this slide. The rod 
c d is loose in the frame, and is pressed against 
the cylinder by two Springs. The tabe of slide is 
slit, to make it more elastie. 

The primary design of the rheostat is to render 
the force of the current constant, when the resistancc 
or the power of the dement changes. 

Any other resistance may be expressed in terms 
of the length of rheostat wire required to produce 
the same effect, by plaeing the index of the rheostat at zero, inserting 
the resistance, and noting its effect on the compass, and then, after remoT- 
ing the resistance, turniug the rheostat nntil the needle is deflected to tbe 
same degree. The condncting power of different kinds of wire of tbe 
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same length and thickness will be inyersely proportioned to the lengtli 
of the irire of the rheostat reqnired to prodnce the same effect, thiis 
obTiatiDg the vocertain determination and tedions ealcolation of the 
resistance of the element Ohm's law may be illngtrated in the same way, 
bj inserting raocessively wires of yarying length and thickness. 

The conducting power of good copper has been shown by these experi- 
ments to be almoet fonr times that of the best brass ; and, therefore, as 
the price of copper is not more than one-half greater than that of brass, 
it is cheaper to nse the former for all galvanic apparatns. An advantage 
is also gained by being able to nse finer wire, which is easier to handle, 
and oocupies less space. The size of the wire is of still greater importance 
when it is wrapped with silk, a wire of donble thlckness reqniring twice 
as mnch silk. Wires of from 2 to 3, 1 and ^ millimeters thickness, will 
be snfficient for almost eyery pnrpose. 

[811] Measure of resistonoe. — The Standard now generally 
assnmed, for the measnre of resistance to the galvanic cnrrent, is the 
resistance of a copper wire 1 meter long and 1 miUimeter thick. The 
copper mnst be chemkally pnre, and not stirred with an iron rod dnring 
fnsion. It is not necessary that the wire shonld be ezactly 1 millimeter 
thick, if its size be accurately measnred. This can be done with most 
certainty by means of a micrometer screw nDder the microscope. If the 
length and thickness of the wire coiled on the cylinder of the rheostat be 
known, it is easy to calcnlate its resistance in terms of the given unit, 
which shonld be written on the cylinder. 



Fig, 63T. 



In many experiments it is 
necessary to insert qnickly a 
giyen resistance in the circnit; 
for this pnrpose, Eisenlohr's 
colnmn of resistance, fig. 637, is 
yery conyenient It consists of 
a cylinder of mahogany, or 
other wood satnrated with oil 
yamish, in which aboat nine 
rings are cut The spaces be- 
tween these rings are bonnd 
with brass bands, and a little 
brass bar, tnrning on a screw, 
made to extend from one to 
the other, as represented in the 
fignre; these bars mnst be 
slighUy bent, so as to press with sorae force on the bands. Wrapped 
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wire, whose resistance is known, is wonnd in these grooTee, the Bhortest 
length containing the assomed nnit once, or an even namber of times, 
whieh is marked on the colnmn. The length of the coils of wire in the 
Bncoessive grooves increases from 1 to 9; the ends of each wire are 
soldered to the two nearest bands, the npper band being connected with 
the screw a, and the lowest with b. When this colnmn is inserted, the 
cnrrent passes throngh the bare, whose resistance is inconsiderable; bat 
if one of the bare be wanting, as in fig. 637, the cnrrent mnst pass throngh 
the intervening wire. 

[312] Conducting power of liquids.— To show the great 
resistance which liqnids oppose to the galvanic cnrrent, we need onlj 
insert in the circnit a voltameter, and, noting the effect on the tangent 
compass, it will be evident enongh, even when the electrodes are very 
large ; in this case, however, the battery shonld consist of fewer and larger 
elements. 

Fig. 638. To measnre actnally 

the resistance, make a 
wooden trongh, 4 or 5 
inches long, A A, fig. 638, 
and cement it with seal- 
ing-wax. In this trougfa 
place two moYable boards 
a a, the edges of which, 
extending over the sides, 
will serve as indices to 
the Scale. To each of 
these bpards is attached a platina plate, soldered to a spiral copper wire, 
the ends of which are fastened to the trongh. The liqnid is placed in the 
trongh, and the plates placed at anj convenient distance from each other; 
after observing the compass, the wire of the rheostat is snbstitnted for the 
liqnid nntil the same deflection is prodnced. Since Ohm's law holds for 
liqnids as well as solids, the resistance of the Stratum of liqnid can be 
calcnlated from the length, breadth, and thickness, when the resistance 
for the nnit of section and length is known. 

(e.) EXPERIMENTS ON ELECTEO-MAONETISM. 

[318] Electro-magnets. — These can be made at home at a com- 
paratively moderate cost. Soft, ronnd, charcoal iron is best for the 
purpose. Hare a horeeshoe bar made of this, abont the thickness of a 
finger and 10 or 12 inches long; after coating it with clay, heat it and 
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Fig. 640. 



leare it to cool among the emben, in order to show the almost total loss 
of magnetism when the carrent ceases. Wind copper wire, wrapped with 
silk or wool, closelj aronnd it, leaving the bend free, and pass on from 
one dde to the other, making the tnrns on both sides in the same direc- 
tion. A Single layer of wire, pig^ 539, 

1 line thick, will impart, 
with a strong battery, a 
yery considerable attractive 
power. The armatare is 
made like those of ordinary 
magnets, figs. 639 and 640. 
To make a powerfnl elec- 
tro-magnet for magnetizing 
gteel, etc., prepare a bar, 2 inches in diameter and 3 feet long, in the 
manner jnst described. The armatare should be provided with a hook, 

Fig, 641. 






and its npper snrface made somewhat convex, as in fig. 640. Fasten the 
magnet on a stont wooden frame, like fig. 641. The post a has two steel 

24 
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bearings for tbe axis of an iron lever. The longer ann of the leyer is 
gradnated, and carries a sliding weight of 25 to 50 ponnds. The post 5 
is to catch the lever when the armatnre is polled off. The bend of the 
magnet is let into the base, and held down bj a stont bar screwed oyer it 

Several layers of copper wire, abont 3 millimeters thick, mnst be osed, 
in Order to impart to the magnet a power eqnal to several hnndredweigbt 
The ends of each layer maj be kept separate, and combined at pleasaie. 
It is advisable not to wind the wire directly on the limbs of the magnet, 
bnt on thin wooden or pasteboard spools. The spools mnst be slipped 
over wooden cylinders, to prevent their being cmshed doring the winding. 
Each layer of wire is separated by a sheet of paper. The ends of the 
spools are finally cnt down to within 3 lines of the wire. These spinls 
can be nsed separately for many experiments. 

As it is difficnlt to bend iron 2 or 3 inches in diameter withont altering 
its thickness, two straight pieces may be connected by a short bar and 
two strong screws. 

If there be a machine-shop near by, it is best to have the armatare and 
the ends of the magnet planed ; it is then easy to grind them perfectiy 
even. The ends of the magnet shonld not be left ronnd, bat sqaaied 

Fig, 642. 




off to one-half the diameter, as seen in fig. 642. 
tnre is made jnst the same width. 



The sarface of the arma- 
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i^. 648. 




Fig. 642 represents an electro-magnet with a firame designed for great 
weights. Its poles are directed npward ; the spirals are even with the 
top of the table, and can be easily taken out 
F^. 643 represents a section through the 
fostenings of the bar, which lies between the 
posts a a, which snpport the spirals also. 
The nnts b b, which hold the bar to the 
base, snpport also the stirmp c, fig. 643, 
into which the end of the bar B, fig. 
642, is inserted; d, fig. 642, is an iron 
plate let into the base, against which B 
presses. 

To exhibit the power of the magnet, laj 
the armatnre, withont the stirmp E, fig. 644, 
on the poles within the iron arch 2>, which 
rests on the frame; fasten the stirnip to 
the armatnre bj its bolt, and insert the lever, 
as shown in the fignre. The lever lies in 
the same plane with the bar B. The longer 
arm is ten times as long as the shorter. 
Hang a spring balance on the longer arm, 

and connect it by a chain and screw-conpling with the bar B. The arma- 
tnre is tom loose by tnming the screw, the balance indlcating -^ of the 
strain. The armatnre is prevented from moving any great distance, by 
the projections xy onihe arch, which is itself held down by the hook u, 
fig. 642. The apparatns remains in complete order after the parting of 
the armatnre. 

The poles of the magnet are made to project above a little table, in 
Order to nse it in ezperiments on diamagnetism. 

In Order to obtain the maximnm effect, the resistance of the battery 
mnst be eqnal to that of the condnctors ; knowing, therefore, the resistance 
of one Clement, and the length and thickness of the wire, it is a matter of 
simple calcnlation whether the Clements shonld be combined singly, or by 
twos or threes, or nsed as a Single element. Let N be the nnmber of 
Clements, w the resistance of one of them, l the resistance apart from the 
battery, and n the nnmber of pairs to prodnce the maximnm effect; 

then n =^lzL., and — pairs are to be combined in one, therefore n 

N 
mnst have snch a valne as to make - a whole nnmber. 

n 

It is well to mark npon every snch spiral the length and thickness of 
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the wire, eyen thoagh there be no present neceasity for knowing its reaist- 
ance; it may afterwards be reqaired for other purpoees. 

Fig. 644. 




Fig. 645. 



Fig. 645 represents an armatnre for testing the strength of the poles 
separatelj: a h and a' h' are iron screws, c c a thick brass plate, and dd 
a bar of beech-wood. The hook e / is made of 
brass. As the strength of the poles depends 
on the mass of the armatnre, tiie plates h V 
mnst be several inches thick. 

[314] Magnetizing hard steel.— in 

Order to impart permanent magnetism to hard 
Steel by the galvanic cnrrent, wind T or 8 
meters of silk-wrapped wire, 3 millimeters thick, 
into a coil, like fig. 646. The size of the 
inner space depends on the size of the steel ; the length of the azis of tbe 
coil shonld not ezceed 8 centimeters. Place the steel within the coil, 
and pass throngh the latter a powerfnl cnrrent, from Grove's battery, 
with abont 40 sqnare inches of platina, moving the bar 6 to 20 times 
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back and forward. Arrest the motion at the middle of the bar, taking 
care that each half has been passed throngh the coil an eqnal nnmber of 
times, and break the circoit If the bar be a horseshoe, apply the arma- 
tore, and do not remoTe it to take out the bar nntil the circoit ib broken. 

Fig. 646. 




This method is not adyantageons, thongh less tronblesome, nnless a 
powerfnl corrent can be obtained. It is mach better to emploj the same 
wire and the same cnrrent to magnetize a horseshoe bar of iron, 4 or 5 
ponnds in weight, and nse this to magnetize the steel, with the donble or 
even the Single toach. The poles of the electro-magnet mnst be close 
together for the donble tonch, eise it is apt to prodnce snccession points. 
With very powerfnl cnrrents the donble tonch cannot be nsed, becanse it 
is snre to prodnce snch points. 

[315] iäecIxa-magnetiBin as a mottve power.— Fig. 647 

represents a very simple contrivance for prodncing a continnoas rotary 
motion, by means of an electro-magnet A circular cavity a & is made in 
the board MN, fig. 648, and diyided into two eqnal parts by a partition 



Fig. 647. 



Fig. 648. 





of some insnlating snbstance, 1 or two lines lower than the depth of the 
cayity, and 2 lines thick. A pointed steel wire is driyen into the projection 
lefb Standing in the center of the cavity, (by seizing it with a band- vice and 
striking this. ) An iron rod, wrapped with insnlated copper wire, is balanced 
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on this piTot, so as to torn freely like a magnetic needle. The bar may 
be covered with Bilk, and wire coiled aronnd it, keeping the tarns a litüe 
waj apart The ends of the wire are bent downward, and dlpped inio 
the mercnry in the cayity jast deep enongh to clear the partition. 'A 
copper wire c d connects the mercnry in each half of the cayitj with a 
battery. Mercnry Ib ponred into each side nntil the conTez snrface rises 
above the partition bnt doea not flow over. A bar-magnet, abont the 
same length as the electro-magnet, is fixed horizontally a Uttle way aboTo 
it. The action of the apparatns is evident 

Another more complicated apparatns for the same pnrpose is repre- 
sented in fig. 649. A horseshoe magnet is fixed npright on a board, and 

Fig. 649. 




the electro-magnet A B made to revolve above it The azle of this 
carries a wooden drum, to the circnmference of which two brass plates 
are fastened, with a space of abont 1 line between them ; one end of the 
Spiral is soldered to each of these plates. The vacant Spaces are at the 
ends of a diameter, at right angles to the length of the electro-magnet 
By means of the metallic Springs / ^ a commnnication is made with the 
battery, nntil the electro-magnet passes the poles of the steel magnet, 
when it is broken, and the cnrrent immediately passed in the opposite 
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direction. The firiction of tbe Bpriogs offers more resistance than the 
wiies meet In passiDg throngh the mercnry. 
A cheap and simple working apparatns is represented in fig. 650. The 

Fig. 650. 




electro-magnet ^ ^ is sabstitaed for the steel magnet The constnietion 
of the apparatns is evident from the drawing. The binding-screws a b 
are connected with the wire of the fixed magnet, and c d with the opposite 
sidefl of the mercnrj cnp. It is better to emploj two separate cnrrents 
than to send the same cnrrent throngh both spirals. In the latter case, 
the cnrrent mnst enter at a and pass ont at c, b and d being connected. 
The fignre is on a scale of 1 to 5, and it wonld reqnire a streng cnrrent 
to ndse the weight represented. 

[316] The eleotrio telegraph. — If a well-made working model 
cannot be obtained, the apparatns fig. 651 will serve to show how tele- 
graphic Signals can be made by electricity. Two boards, If^ and P, 
are fixed at right angles to each other, and to one of them is attached a 
little electro-magnet of soft iron. A small clock bell is fastened near it. 
The ends of the spiral are fastened to M N, and connected with the poles 
of a distant batterj. The wire b, which serves as a hammer, is elastic, 
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and has opposite the magnet a plate of soft iron. The podtion of this 
wire and the length of the cross piece shonld be such that when free, 

the fnrther knob will be 0*1 line 

-%• 6Ö1. from the side of the bell, and the 

plate 0'5 line from the magnet; 

and when attraeted bj the magnet^ 

the nearer knob will be 0*1 line 

from the bell. To prevent the 

magnetism remaining in the iron 

after the cnrrent ceases from hold- 

ing the hammer fast, thej are kept 

from actnal contact by a piece of 

paper pasted on the iron plate. 

Bj opening and closing the circnit, 

the hammer will be made to strike 

the bell bj the altemate attraction of the magnet and the elasticitj of the 

spring. A considerable namber of conrentional signs can thus be made. 

The principle of the English needle telegraph can be shown with the 

galvanometer, by inserting a pole-changer, and nsing a very feeble cnrrent 

[317] Ampere's stand. — A simple form of this indispensable 

apparatns, which is tolerably easy to make, is represented in figs. 652 and 

653; a 5 c are three brass plates let into a piece of hard wood, their 

Fig. 652. 





slightly convex snrfaces rising in the middle, a Tery little aboTe the snr- 
face, binding-screws or wires being attached to all ; and a and c are 
connected with each other and with the screw d by a wire sunk in the 
wood. The middle plate is connected with the serew e. Two other 
plates, g and k, are fastened to the board, and npon these two others, 
i and k, tnrning on screws passing throngh them and the two former; 
k and i are connected by a block of wood fastened by a Single screw firom 
below, so as to tnrn freelj. This block maj be loaded with lead. It is 
evident when the plates i k are in the position shown, and a or e con- 
nected with the positive pole and h with the negative, the plate g will be 
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connected with the positive; bat if they be placed as indicated by the 
dotted linesy g will be connected with the negative and h with the poeitive. 
In an intennediate position they will not form part of the clrcnit 

Two thick brass wires, r b and r' 8\ fig. 653, are inserted in the ends 
of g and h^ and fastened by nnts and screws below. These wires are bent 
at a right angle and tenninate in mercnry cnps, which stand vertically 
over eacb other and abont 2 inches apart. The wires are sieparated by 
bits of wood, and the whole wrapped with silk. The mercnry cnps are 
yery shallow, and a bit of watch-glass is cemented with sealing-wax to 
the botom of the npper one. The cups shoald be both riveted and 
soldered to the wires. Before nse they shonld be scraped bright in spots 
on the inside. 

Fig. 668. 




[318] Tll6 pol0-Cliailg6r. — ^Among the nnmerons contrivances 
for this pnrpose, none seems to the anthor so easily nnderstood as the 
one jnst described. Those pole-changers are preferable which do not 
reqnire the nse of mercnry. 

It is convenient to have a pole-changer independent of the rest of 
Ampere's stand, which can be made by pntting binding-screws in the place 
of the wires a a^ d and e (fig. 652) being then snperflnoas. In ndng 
the pole-changer it is important, not only that the conrse of the corrent 
shoiüd be perfectiy clear, bat that the instrnment shoald occapy littie 
Space, and be easüy inserted in any circait. The pole-changer devised 
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by Prof. J. Maller, and represented in fig. 654, on a scale of i, is admirable 
in all these respects. It connsts in a wooden cylinder, tnming on an iron 

J^. 654. 




azifl by a crank. The ends of this roUer are bonnd with metallic rings 
g h, to which the metallic plates i k and d f are soldered on oppodte 
sides. Two of these, d and i, are of the same breadth as the rings ; bot 
the other two, k and /, extend beyond the middle of the roller, not, how- 
ever, to the other ring. The four binding-screws, a h m n, rest upon 
metallic Springs, which rnb against the roller. The screws a and h are 
connected with the poles of the battery, and m and n with the rest of the 
circnit. In the position shown in the fignre, the cnrrent goes from a to 
the plate i, thence throngh the ring and the plate k%om, from which it 
passes throngh the reqnired circnit to n, and thence throngh /, A, and h 
back to the battery. By making a half tnm of the handle, the spring a will 
fall on k, and the cnrrent will pass from ib to n, and thence throngh m, /, 
hf and d, in a direction the reverse of the former. When the arm Z is in a 
yertical position, the Springs m n rest on wood, and the circnit is, there- 
fore, broken. Gare mnst be taken that the Springs be qnite smooth, so as 
not to abrade the plates, otherwise the particles of metal will render the 
wooden cylinder a condnctor. When the plates are made of the thickness 
indicated in the fignre, the Springs need not tonch the wood. 
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By Qsiiig mercuij, a very convenient pole-changer ciui be made at a 
tiifling expense. Take a board, ^ä B O, fig. 655, 3 inches wide and 4 in 
lengihy and bore in it 6 holes, 

half an inch in diameter. Fig. 655. 

Fasten copper wires bj 
Staples in the positions shown 
in the figare, keeping the 
two which cross each other 
apart Fasten two bent 
wires in a bit of wood as 
long as the space between 
the holes 5 and 6, and across these fasten two others, as seen in the 
fi^rOi JQst long enongh to clear the board when the first two stand 
npright in the holes 1 4. The least impolse will throw this cradle from 
one side to the other. FiU the holes with mercnry, and amalgamate the 
ends of the wires, and the apparatns is complete. The carrent is admitted 
at 1 and 4, and goes ont at 5 and 6. The arrows indicate the conrse of 
the cnrrent for the position given. 

[319] Botating OOnduotors. — The condnctors to be hnng in 
the enps s 8\ fig. 653, are made of copper wires, well wrapped with silk 
at the point where they are tied together. The steel points are soldered 
to the copper, and mnst be brightened before nsing the apparatns, for 
iron in contact with copper rnsts easily, especially when soldered with tin. 
For this reason the points shonld not be made of very thin wire. The 
copper shonld be flattened, and the points both riTeted and soldered. 
The lower wire, which need not be pointed, mnst be exactly in the azis 
of rotation, otherwise the mercnry will offer too mnch resistance to its 
motion. The condnctors, figs. 656 and 657, are made as large as the 
horizontal arms of the snpporting wires will admit. 



Fig. 656. 



Fig. 657. 





To show the effect of a second cnrrent, condnctors like figs. 658 and 
659 are preferable, becanse they are astatic in respect to the terrestrial 
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magnetifliiL The fint ia for horiiontal, the latter for vertical cmrreiitfl. 
Whexe the wires come togeüier they are insnlated either by dips of ooxk 
or by wrapping one with silk, and bonnd together with silk. 



1^.658. 





J^. 660. 



Beddes the condnctors figs. 656 and 657, we most have two wires of 
the shape of fig. 660, fitting into the binding-screws d e, fig. 654. The 

one muBt be bent, so that the etraight por- 
tion will stand npright between the acrews 
d and e, while the cnrve projeets ont 
behind the board; it serves to exhibit the 
attraction and repnlsion between the verti- 
cal parts of the condnctors, figs. 657 and 
659, the two rods which snpport the latter 
not acting on them, becanse the corrent 
passes in opposite directions in the two. 
It reqnires a tolerably streng cnrrent for 
this experimenti becanse it has a consider- 
able circnit to traverse. The second wire, like fig. 660, is bent so that 
when inserted in the screw the straight part a b will lie in a horizontal 
Position jnst below the horizontal part of the condnctor, figs. 65T 
and 658, in order to show the effect of rectilinear cnrrents crossing each 
other. 

The helix. The ordinary form is represented in fig. 661. The wire 
begins in the middle, passes from one end to the other in the azis of the 
Spiral, and makes the same nnmber of tums in retnming to the center. 
The rings shonld not be less than 2 inches in diameter, and the cnrrent 
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rnnst traTerse them all in the same direction. Small rings give the appa- 
ratns more the form of a magnet, bnt they have not sofficient rotary force. 
The rings are tied with silk, at eqnal distances, to a slip of wood. In 
the form figored, it is difficnlt to make the rings neaüj. It is ea«ier to 
make the coil entirelj first, tie it to the bar, and then bend the ends of 
the wire together, iSg. 662, in the center. 



Fig. 661. 



Mg, 662. 





The ends of a second helix are inserted in the binding-screws d e, fig. 
654, to show the effect of two helices on each other. Manj helices do 
not work becanse the wire is too slender ; it shonld be over 1 millimeter in 
thickness. There is less to fear fh>m the increased weight than from 
enfeebling the corrent, for the resistanee of the helix is considerable. 
The action of a steel magnet on the helix can be shown nnder almost any 
circumstances, bnt with terrestrial magnetism only it reqnires nicer con- 
stmction. This action is easily seen in the conductors, figs. 656 and 657, 
becanse thej are large. 

It shonld be remarked of this apparatns, that the division of the cnrrent 
between two condnctors makes both branches weak, and as they are 
nneqnal, the resnlt is often donbtfol, nnless a strong cnrrent can be pro- 
dnced. It is better, in snch a case, to pass separate cnrrents throngh 
the two condnctors. A Grove's battery, with 10 to 12 sqaare inches of 
platina, is snfficient for any form of the experiment; or six Bnnsen's 
Clements, three being nsed for the fixed and three for the movable eon- 
dnctor. 

If only limited means are at command, the stand may be made in the 
form of fig. 663 ; the two rods then attracting and repelling the rotating 
condnctor, it mnst place itself in the plane of these rods. A Single 
Wollaston's dement is snfficient for this. 

The attraction and repnlsion may be ezhibited well in two coils of 
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oopper ribbon, suspended bj strips abont 8 feet long, as seen in fig. 664, 
a pole-changer being inserted in one circnit 
Fig, 668. 



Mg. 664. 





Fig. 665. 



[820] Floating OUrrentS. — The easiest mode of showing the 
eifect of magnets and terrestrial magnetism on a movable cnrrent, is to 
float the condnctors. Take a Wollaston's element, 
made of 1 to 1^ sqnare inches of thin zinc. Solder 
copper wires, 1 to 2 millimeters thick, to both metals, 
and tie the plates together with waxed thread. The 
element must be made as light as possible, that the 
wire may be larger. After the plates are pnt 
together thmst the wires throngh a cork, bend them 
into a ring, and solder them together. The ring 
may be made of several tnms and the ends soldered 
to the plates after being thmst throngh the cork, 
fig. 665. If this element be floated on acidnlated 
water, the ring will take a position at right angles 
to the magnetic meridian, or parallel to a straight 
cnrrent passing oTer it. The effect of a magnet is 
most striking when it is bnt little longer than the 
diameter of the ring, and is held horizontally near 
the wire. 
[821] Botary apparatOS. — Among the yarions contriyances for 
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Fig, 666. 



prodacing the rotation of a cnrrent around a magnet^ or vice versa, the 
following are worthj of notice for their simplicity and certaintj. 

(a) Have a tray made of zinc, like fig. 666, 
with a broad strip of copper soldered across the 
middle of it, into which screw a stout copper 
wire, termiDating in a mercary cnp. Fill the 
tray with acidnlated water, set it on a little per- 
forated Btand, fig. 667, and place the steel pivot 
of the copper condnctor, fig. 668, in the mercnry cnp, and the ring in the 
liqnid. If the pole of a magnet be held in the apertnre in the center of 





Fig. 668. 



the disk, as represented in fig. 667, the nng will begin to rotate. Instead 
of the magnet, a coli of insnlated copper ribbon, about 80 feet long and 
i inch Wide, may be laid aronnd the ontside of the zinc disk. The left 
side of fig. 669 represents a modification of the 8ame apparatns. The 
copper band is bent into a stirmp, by which the whole apparatns can be 
hnng on one limb of a horseshoe magnet 

(6) The right side of fig. 669 represents another rotating battery. A 
wooden cnp a a is slipped oTer the end of a horseshoe magnet, and kept 
there by a spring. This cnp contains mercnry, and a little cavity is made 
in the pole of the magnet in which a piTot rests, snpporting several wires 
which dip into the mercnry. A pointed wire from the rod in the middle 
dips into a mercnry cnp on the top of the pirot A rotary motion begins 
as soon as this wire and the wire b, commnnicating with the mercnry in 
a a, are connected with the battery. 
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(c) Fig. 670 represents tbe rotation of a heliz aronnd the pole of a 

magnet, the poles being changed, as ezplained in § 315. A honeshoe 

^, $$9. mi^et is sapported on a 

brass tripod, wbich can be 
nsed for the foregoing appa- 
ratns, and in the center d it 
a brass rod b sliding in tiie 
tnbe a. This rod snpports 
a disk of wood, with a circn- 
lar basin for mercnry. A 
low rim of glass or paste- 
board is fixed aronnd it, to 
prevent the spattering of 
the mercnry. Each side of 
the basin is connected by an 
amalgamated wire with a 
binding-screWy one of which 
is yisible at c. The rod b 
passes throngh the block 
withont commnnication with 
the mercnry, and has a hole 
in the top, in which the 
pivot of the copper bar k k 
tnms freely. Two coils of 
wire 8 8f consisting of 12 to 
18 tnms, arranged in 2 or 3 
layers, are fastened to the 
ends of this bar. One end 
of each coil is tied with silk 
to the bar, and the other 
carrled, withont contact, 
along the bar to the center, 
where it dips into the mer> 
cnry. The cnrrent trayerses 
both coils in the same direc- 
tion, and they rotate like an 
electro - magnet when the 
binding-screws are connect- 
ed with a battery. 

(d) The foUowing appa- 
ratns prodnces rotary motion withont the aid of a magnet. A, fig. 671, 




Fig. 670. 
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ig a mercnry cap diTided into two parts, aroond which is placed a ring 

B B, formed of three lajers of inBolated copper wire with 6 taroB in 

each, laid in a groove a a, as seen in section in fig. 672. 

The ends of the wire are amalgamated and thrnst 

obliqnely throngh the bottom into the mercnrj, one on 

each aide. A second ring C G, exactlj similar, tnms 

on ivory bearings aronnd a steel rod, fig. 673, fixed in 

the Center of the mercnrj cnp. The lower bearing rests 

on a brass Shoulder on the rod, and the ends of the wire 

dip into the mercnrj. The mercnrj cnp is fixed on a base fnmished with 

leveling-screws, and with binding-screws connected with the mercnrj. 




Fig. 678. 



Fig. 672, 




The cnrrent divides itself prettj eqnallj between the two rings» and is 
reversed in the movable one. The axis of the inner ring might be made 
to tarn with it. 

(e) The easiest method of making a magnet rotate.bj a galvanic 
cnrrent is represented in section in figs. 674 and 675. A tnmbler is set 
in the board M M, npon the bottom of which is cemented a bit of wood 
with a Steel point in the center. For the magnet, take a bit of round 
steel, 8 inches long and 2 to 3 lines thick, tarn it accnratelj on the lathe, 
then harden, polish with emerj, and magnetize it. Fit a cap of hard 
wood or bone a a aronnd the pole N, and set the magnet between the 
steel pin below, and a screw b fixed in the brass brace c d, allowing it a 
little plaj. The wire e is bent into an elastic ring, so as to fit closelj 
against the inside of the glass, and amalgamated. Ponr some mercarj in 

25 
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the cap a a, ana enongh in the tambler to baoj np the magnet so th&t it 
will jnst float botween its two bearings, and tnm verj easilj. The screw 

Fig. 675. 

b 

Fig. 674. 
h 





h must work rather stiffly. The batterj is connected with the wire e and 
the brace c d. If the cap be placed on the pole S, or the cnrrent reveraed, 
the magnet will rotate in the contrary direction. 

Some sach rotarj apparatns must be exhibited, and the explanation of 
others will serve as a good task for practice in the theorj. 

(/.) EXFEEIMEHTS ON IlTDÜCTION. 

[322] Winding insulated Wires. — When insnlated wires are 
wo and on spools, thej shonld be either wooden spools with yerj thin 
walls, or tnbes of pasteboard with wooden disks, abont 3 lines thick, glaed 
to the ends. In metal spools, the ends shonld be 2 millimeters and the 
shaft ^ millimeter thick ; bnt thej mnst be slit their whole leng^h and the 
Space fiUed with some non-condncting snbstance, otherwise secondarj cur- 
rents will be indnced, which distnrb the resnlt. In winding, a wooden 
plag mnst be fitted tightly into the tnbe, to prevent its being compressed. 
Yarnished paper is laid between the several layers, so that if there is any 
imperfection in the insnlation the cnrrent cannot pass from one layer to 
the other. Imperfections of insnlation shonld be mended dnring the 
winding, by wrappiDg varnished paper or silk aronnd the spot 

For experiments on tension, the wire raust be varnished before winding. 
To do this withont glning the whole together is a tedioas task. It can 
only be done rapidly in the open air, by standing at snch a distance from 
the spool that the vamish will dry before it reaches it. For many pur- 
poses it is recommended to vamish, moreover, each layer ; in this case no 
paper is reqnired, bnt each layer mnst dry thoronghly. 
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Fig, 676. 



Thick wires shonld be woond by hand, and require the aid of another 
penon. Thin wires can be wonnd verj rapidlj and smoothlj by fixing 
the spool in a lathe. 

The ends of the wires are generallj thmst throogh the ends of the 
spools, bat thej ooght in addition to be tied with silk. 

[323] Bibbon-COilS. — Fiat coils of copper ribbon are needed in 
many ezperiments. The ribbon shonld be of uniform breadth, and the 
joints filed down to the tiiickness of the 
rest A ribbon of silk or wool a trifle 
wider is laid between the several tnms, 
and the whole bonnd fast with silk. In 
most cases the conneeting strip most be 
soldered on at right angles to the coil. 
A Strip is soldered to the inside, well 
wrapped, and bronght to the onter edge 
at a ; here a strip is soldered at right 
angles, so as to lie flat against the spiral, and another piece at right 
angles to this, which is bent ont at h. The spiral is generally closely 
wrapped with ribbon, 12 tnms of which are represented in fig. 67 C. 

Fig. 677. 





[324] The fundamental laws of galvanic indnction can be illnstrated 
very simply by two spirals, A and B, fig. 677. Each contains abont 100 
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feet of well-insalated wire; and the smaller can be placed inside the 
larger, whose walls are verj thin ; for which parpose the ends of tiie wire 
are throst throagh the handle. The cjlinder B is also hoUow, to admit 
an iron rod abont 2 lines thick. To ose the apparatas, connect the ends 
of the coil A with a galyanometer, and B with the battery, withont üuert- 
ing the rod. If B be qniekly placed inside A, the galyanometer needle 
will be deflected, and again on removing B after the needle has come 
to rest. When B is left in A, the needle is deflected wheneyer the 
Circuit is opened or closed. The same resnlt, and even stronger, is pro- 
dneed bj nsing a magnet instead of B. The effect of the coil is Increased 
bj inserting the rod, for the hjpothetical cnrrent prodnced in it bj the 
carrent in B, rotates in the same direction as that in B. For theae 
experiments, the galvanometer onght not to have over 200 to 300 tama. 
If handles be fastened to A, and the carrent in B intermpted by a spar 
wheel or a file, a Wollaston's dement, with abont 12 sqnare inches of sine, 
will give perceptible shocks, even with this short wire. 

[325] To obtain a yerj powerfnl indnctiye action, wind 1200 to 
1800 feet of well-insniated copper wire, ^ to | of a millimeter in 
diameter, on a cjlinder like A, fig. 677. Oyer this, wrap about 100 feet 
of wire, 2 to 8 millimeters thick. Attach handles like fig. 583 to the 
ends of the small wire, which are throst throagh the end of the spooL 
Connect one end of the thick wire with the pole of a feeble galyanic 
battery, (a Wollaston's element, with 2 or 3 sqnare inches of zinc,) and 
the other end with a file. When the other pole-wire is drawn oyer this 
file, anj one taking hold of the handles, with moist hands, will pereeire 
yerj sensible shocks, which will be increased bj inserting a rod of iron or 
a bandle of wires inside the cjlinder. This bandle shonld be coated with 
sealing-waz. Fig. 678 represents the apparatns complete. The ends of 

Fig, 678. 




the wire to which the handles are attached shonld be aboat 2 feet long, 
for manj persons are verj sensitive and injure the apparatns bj throwing 
the arms apart It is well to direct the person who receives the shock 
to let the handles drop when the shock is too severe ; thongh this is ofteo 
impossible, on acconnt of the spasmodic contraction of the hands. 
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[326] The extra OUrrent. — After uniting toe two wires, attach 
to ODe end a handle and a file by binding-screws, conneet the other end, to 
widdi A handle is attached 

in the same way. with the ^- 619. 

bttttery; a person taking 
hold of the handles, while 
another passes the pole- 
wire of the battery oyer the 
file will receive shocks from 
the extra current. Fig. 679 
represents the arrangement. 
The apparatns may be made 
mnch more convenient by 
placing the cylinder in a 
Utile frame, as in fig. 680, 
with two little gprooyes in 
the base to receive the ends. 
The ends of the wires are 
connected with fonr bind- 

ing-screws, like fig. 549, fastened to the top of the frame. The intermp- 
tions of the current can be regalated better by nsing a spur wheel, fig. 584, 
instead of the file. This wheel is 
nsnally fastened on the top of 
the frame, the free end of the 
spring being in connection with 
the binding-screw No. 1, throngh 
which the current is introduced ; 
and the wire connected with the 
axis of the wheel is one end of 
the thick spiral, the other end 
being connected with the binding- 
screw No. 2. The ends of the 
fine wire are connected with the 
screws 3 and 4, to which the 
handles are attached for the ex- 
periments on induction. To obtain the extra current, conneet two bind- 
ing-screws by a wire, so that the current will trayerse the whole coli in 
the same direction; these two screws must be marked directly after 
making the coil, for an error may arise afterwards. The handles are 
then attached to the thick wire connected with the axis of the wheel and 
to the end of the fine wire, which passes to the battery. 
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[837] A Yery simple arrangement, called the magnetic hammer, maj 
be sabstitoted for the spar wheel. Fasten tbe frame, fig. 680, between 

two cleats apon a board, fig. 
Fig. 681. 681, and place the iron rod 

in the cylinder. Screw a 
piece of soft iron 6, which 
has a smooth slightly con- 
vex snrface, to a bit of brass 
wire a, about a line thick. 
and pointed at one end. 
The point is amalgamated 
and a hole bored in the 
Center, bj which it is riveted to a copper wire c d e, beaten flat at the 
end to serve as a spring. The hammer is fastened to the board so that 
the iron will strike abont the center of the cylinder. The wire cdev& 
made long enongh to reach the binding-screw 1. A second wire fg^ 
terminating in a little amalgamated disk, is also fastened to the board. 
The spring of the hammer is so arranged that the point jnst tonches the 
disk h, It is better to solder a little plate of platina to the disk h ; the 
piece a h maj then be made entirely of iron, and a little platina tip 
soldered to it, which renders amalgamation nnnecessary. The magnetic 
force is also greater in a long piece of iron, and the apparatns conse- 
quently acts better and with a feebler cnrrent A cnrrent iutrodnced at 
/ will pnrsne the coarse fghacdel, and pass from thence to the 
thick wire, and out at 2. The iron core is thereby magnetized, and 
attracts the hammer a 6; this breaks the cnrrent, and the iron, losing its 
magnetism, the spring carries the hammer back to /L 

The same arrangement can be nsed for the extra cnrrent. It is done 
by attaching a handle to c d ebj the screw 1, connecting the two wires, 
and attaching to the fonrth screw the second handle and the wire leading 
to the battery. 

[828] Reinsch has deyised an indnction apparatns yery well adapted 
for Instruction, which is represented about ^ to ^ the real size in fig. 682. 
It consists of two cylinders fitting inside of each other, eaeh wrapped 
with about 100 feet of wire of different colors. The inner one is hollow 
also, to admit a bündle of wires. The board A is screwed to the base, 
after fastening the binding-screws from below, and has an aperture just 
large enongh to admit the larger spiral. The ends of the outer or of the 
inner spiral can be connected with the screws 2 and 8, and those of the 
other, together with the wires of the galvanometer or the handles, with 
4 and 5. The circuit may be broken by the magnetic hammer. The 
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hammer and the bündle of wires may also be remoyed and a magnetic bar 
introdnced into their place, or the oater spiral connected with the screws 

Fig, 682. 




4 and 5 and the galyanometer, while the inner spiral is connected by long 
wires with the batterj, and alternately inserted in and drawn out of the 
ont^r. The spirals may be united so that the cnrrent shall traverse both 
in the same direction, and nsed for obtaining the side cnrrent. Where 
the means at command are only moderate, this apparatns is very good. 

[329] When an apparatns is reqnired merely for the purpose of giving 
shocks, one like fig. 683 will answer, the cnrrent being broken by means 

Fig. 683. 




of the magnetic hammer. The ends of the spiral are connected with the 
screws a and 6, and the poles of the battery with a and c. 
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[330] Eleotrical tension on the indtiction wire. — If 

the ordinarj handles be attached to the ends of the fine wire of the 
induction apparatas, fig. 681, and, withont being bronght into aetnal 
contact, laid yery close to each other, a coDstant saccession of sparks will 
be Seen in the dark to pass between them while the apparatns is in action. 
A higher tension cannot, of conrse, be obtained in an apparatas whose 
part8 are onlj separated by wood. The iron rod within the spiral also 
becomes electrica!, and little sparks pass constantlj from it to the ham- 
mer. If bits of wire be screwed to the binding-screws of the fine wire, 
and tonched with the knob of a goldleaf electrometer, the leayea will 
diyerge, and a permanent divergcnce maj be prodnced by lightly tonching 
the Yibrating wire, which cannot be prodnced by a continnoas contact. 
üpon inyestigation the electricity will be fonnd to originate from the 
opening current; and the iron core manifests the same electricity. 
Electricity is deyeloped at the end of the onter wire only when the inner 
is tonched with a condactor, and then it is of the opposite kind. In fig. 
681 the indncing wire is on the ontside. 

[331] Rulunkorf' S apparatUS. — As this apparatns has been 
mnch talked of lately, and I know of no accnrate description of it, I will 
describe one which I made for myself The form chosen was based npon 
one made in Paris for the üniyersity of Tübingen. The changes which 
I introdnced are chiefly in the arrangement of the hammer, and the coarse 
of the cnrrent on the base. My design was to enable me to apply at 
pleasnre the mode of fastening the hammer described by Sinsteden, and 
also to connect the condenser with the indncing wire in two different 
ways, or to omit it entirely, or Substitute for it a Leyden jar. 

The Spiral of the apparatns is wonnd on a yery thin wooden spool, 
with a Perforation 3 centimeters in diameter and octagonal end pieces of 
glass. Holes for the passage of the wires are bored in one of the end 
pieces, and the direction of the coil from these holes marked by white 
arrows painted on the glass. üpon this spool are wonnd, first, fonr 
layers consisting each of 80 turns of wire, 2 millimeters thick ; and then 
abont 30 layers of 500 tnms each, of wire not qnite ^ millimeter thick. 
The former is wrapped with wool, and the latter with silk, and yamlshed. 
Yamished paper is pladed between each layer, and the two wires are 
separated by a double fold of the same, thickly yamished, and cemented 
at the ends to the glass. The separate layers of fine wire were not 
yamished, in order that this expensiye material might be ayailable for 
other purposes. 

This Spiral rests on a board an inch thick, between four triangulär 
pieces, which are glued down and screwed fast from below, the hypoth- 
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ennse of each beiDg notched to receiye the glass plates. The spiral is 
thas held firmlj and can be easily lifted np when the ends of the wires 
are detached from the binding-screws. Fig. 684 and 685 represent the 

Fig. 684. 




Fig. 685. 




Bide Yiew and plan of the apparatns. The board A A can be separated 
from the base B B, (which will be mentioned presently,) bat is ordinarily 
fastened to it bj fonr screws from below. The conrse of the cnrrent is as 
follows : — 

Two Strips of copper a aa,bb, are inserted in the board A A, which 
are bent at right augles on the left, so that a pole-changer can be laid on 
them there ; thej are also famished with binding-screws, 1 2, to make a 
direct commanication. The cnrrent entering at a passes into the np- 
right c, and thence to the horizontal screw d, the head of which is plated 
with platina. From this it passes into the hammer, which is also platina 
plated, and descends throngh the stem. The stem of the hammer is 
hinged bj a screw to the iron pin e, fig. 686 ; the end of the thick wire is 
bent into a ring and screwed to the same pin, and into this the cnrrent 
passes. In order to insnre a perfect contact between the stem of the 
hammer and e, a spring x, made of hard copper wire, is fastened between 
them by two little screws seen in fig. 686 ; it serves at the same time to 
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press the hammer against the screw d, and to.draw it away fh>m tbe 
bandle of wires in the spiral. This spring not belüg strong enongh with 

powerfal cnrrents, a steel spring 
^. 686. fig fastened to e, the pressore of 

which is regalated by the screw g. 
The pin e ends with a sqoare 
head and a screw, bj which it can 
be fastened to a plate of iron m m, 
an inch wide, let into the base. 
A copper wire, (mentioned snbse- 
qaently,) bent into a ring at the 
end, is screwed in between the 
plate m m and the nnt n, This 
plate is longer than the spiral, and 
is bent np at a right angle at the 
other end, nntil it comes oppodte 
tbe projecting ends of the spiral 
wire. Here, however, it consists 
of two pieces, and the npper part can be taken off after removing Uie 
screw 0. If the stem of the hammer be of iron, the hammer is now in 
magnetic commnnication with the bandle of wires in the spiral. This 
can be prevented by making the stem of the hammer of brass, bat the 
iron 772 m is not entirely withont effect nntil the other end is remoyed by 
the screw o. 

The cnrrent having traversed the thick wire passes throngh the binding- 
screws 2 and 3 back to the battery. 

Pieces of somewhat thicker wire are soldered to the ends of the fine 
wire, and, after making one tnm aronnd the spool, thrust throngh holes 
in the glass plate, and fastened ander little screws on the insnlated balls 
h if figs. 684 and 685. One of the knobs of the cross wires can be nn- 
screwed and screwed to a pointed copper wire, so tbat either the pointed 
end of one wire can be directed toward the knob of the other, or two 
points or two knobs tnmed toward each other. 

A wire was mentioned above, which was screwed to the end of the pin 
6, fig. 686. This wire is bent twice at right angles, and lies in a co?ered 
cavity 4 4 in the board A A^ passing to the binding-screw 5, ander which 
it is bent to a ring and pressed down by the screw. There is also a 
binding-screw at the bottom of the pillar c, and the binding-screw 6 may 
be connected by a wire either with this pillar or with the screw No. 3. 

In Order to obtain a shock by the secondary cnrrent. the handles most 
eridently be attached to the binding-screws 5 and 6, which are made 
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double for this pnrpose. If c be connected with 6, the secondary carrent 

on opening is streng^bened by the cnrrent from the batterj; bat if 3 be 

connected witb 6, the secondary current alone is feit. 

The binding-screws 5 and 6 are connected with a con- 

denser placed between A A and B B, by means of spiral 

Springs of hard-hammered copper wire, fig. 687, the ends 

of which are fastened under the nats which hold the screws. 

BB iBtk frame with a thin bottom and a projecting rim, as 

shown in section in fig. 688. A A rests on the frame, and is held in place 




Fig. 688. 



AM 

bI 



|b 



Fig. 689. 



by the projecting rioL The condenser is placed in the space between. 

It consists of a strip of oiled silk, 3 meters long, made of several pieces 

cemented together with shellac. The strip is 19 centimeters wide, and 

coated on both sides to within 1 centimeter of the edge with tin-foil 

fastened on with shellac. It is folded 

np several times and paper laid between 

the folds. The apper end is cnt out, as 

represented in fig. 689, so that the upper 

sheet of foil is visible at a, and a part 

of the lower at 6, the top sheet of var- 

nished paper extending only to m n. 

The Spiral Springs from the screws 5 

and 6 press upon brass plates laid on a 

and b, and the condenser is thas con- " 

nected with the secondary carrent, by which it is charged like any other 

condenser, and discharged when the main circuit is closed. 

A large battery of Leyden jars, inserted in place of the condenser by 
connecting one coating with the pillar c and the other with screw No. 5, 
acts in the same manner as the condenser, thongh less powerfully, on 
acconnt of the thickness of the glass. 

The battery employed shoald consist of not more than two pairs, 
otherwise the insnlating layer between the tarns of the fine wire may be 
broken throagh, and the apparatas permanently weakened. 

Fig. 690 is a perspective view of the whole apparatas from another 
side. The pole-changer is left oat for the sake of simplifying the figare. 
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Any pole-changer will answer the same parpose, bat for permanent 
attachment to any apparatas, that which comes with the Paris instm- 



Fig. 690. 





ments excels in convenience and compactness all others. Fig. 691 

represents a section, and fig. 692 a yiew of the side tnrned toward the 

Spiral, bot in a different 
Position from fig. 691. 
It is yerj simple. On 
the ivory cylinder a are 
screwed two copper bars, 
the screws e and h coming 
in contact with the azis, 
/ and g not going so deep. 
The ends of the axles tum 
in pillars m and n, and 
the bearings can be con- 
tracted by screws so as to 
maice the contact with the 
axle perfect. The screws 
which tonch the axis are 
indicated by a mark. An 
insnlating handle o o is 
attached to the axle. Two 
binding-screws are con- 
nected by Springs p q with 
the copper bars, the pillars 

which snpport the axle being screwed down oyer two other copper bars 

X y let into the base of the apparatas. 
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Fig. 693. 



[332] When the apparatos is in action, f^eqaent sparks, ftom 3 to 5 
millimeters or more in length, pass between the knobs or points which 
are connected with the ends of the fine spiral, bat tiiey become mach less 
freqaent, and are rednced to less than 1 millimeter, as soon as the con- 
denser is taken out An examination with the electrometer proves the 
presence of free electricitj only at the ends of the onter wire, and all parts 
of the same excite a bnming Sensation when toncbed. The contact with 
the electrometer mnst be only momentary, otherwise the leaves immedi- 
ately collapse ; this does not occnr, however, when a wire is connected 
with the electrometer, one end of which is wrapped with silk and bent 
into a ring, and this ring bronght in contact with the end of the spiral. 
From the character of the electricity and the 
known direction of the cnrrent and the coils, it 
is evidently dne to the cnrrent produced when 
the circnit is opened. The inner end of the 
wire shows free electricity only by the aid of a 
condenser, and it is of the opposite kind to that 
at the onter end. But strong electricity is 
developed here also when the other end is 
placed in commnnication with the earth. Wheii 
this is done, no part of the apparatns which is 
in commnnication with either wire can be 
tonched withont receiving violent shocks, nnless 
the person be himself insnlated. In order to 
Charge jars, their knobs mnst also be provided 
with a wire, the end of which is wrapped with 
silk. 

[333] Bat the most beantifal ezperiments 
with Rohmkorff 's apparatos, are those made in 
a vacaam. For this parpose the receiver, fig. 
693, is exhaasted of air as completely as possi- 
ble. The barometer gauge mast fall to 1 or 2 
meters. One end of the wire is connected with 
the lower cap, and the other with the sliding 
rod, the connecting wires being fastened in 
insnlated knobs in which the ends of the spiral 
terminate. In order to make the experiment 
very successfal, the yamish must be removed 
from both knobs of the receiver. A splendid 
stream of reddish light is then seen to pass from the positive to the 
negative knob, while the latter is entirely enveloped in blue light, and 
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sparks are visible all over its snrface, similar to those whloh are seen 
nnder the microscope in Neef 's apparatus. If a few drops of ether or 
oil of tnrpentine be introdaced into the receiyer before the exhaagtion, 
the stream of light is interrapted by dark bands, which seem to adTance 
toward the other knob. If the cuirent be reversed the knobs also change 
color. 

[834] In Order to show that the magnetism deyeloped in a piece of 
soft iron by indaction also produces a cnrrent of electricity in a spiral 
wire, take a bit of soft iron, a little longer than the armatare of yoor 
horseshoe magnet, ronnd it off in the middle, and coli round it 10 or 20 
feet of copper wire, so as to form a spiral which will pass between the 
poles of the magnet withont the least contact. The board A B, figs. 
694 and 695, is cnt out so as to leave the end A thicker than the rest by 

Fig. 694. 




Fig, 695. 




the thickness of the iron, and a slit C D made in the middle to receire 
the coil, the axis of which is fastened down to the board. The ends of 
the Spiral are fastened to the board, so that they can be connected with 
the galvanometer. Two small bars, m m and n n, are nailed to the other 
end of the board, between which the horseshoe magnet, p q r, can be 
rapidly pnshed against the armature und torn loose from it. At each 
Separation the galvanometer will indicate a cnrrent in the direcüon 
previously determined. 

[335] Magneto-electric machines.— The foregoing experi- 

ment is the basis of the explanation of the magneto-electrical machines, 
the details of which are very varions. Those which are provided with 
Steel magnets have many advantages over those which depend upon 
electro-magnets, bat ihey are more costly. The machines of this kind 
made by Stöhrer, in Leipsic, are pecnliar in their arrangement, and are 
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conrenient, althongh thej haye not steel magnets, becaose the magnet can 
be made to rotate bj the current, and thns afford an lUnstration of a 
macbine driren bj galvaniBm The machines with steel magnets made 
bj jthe same maker are worthj of notice for their powerfnl effect and con- 
Tenient arrangement. 

It is difficalt to giye general directions for the management of snch 
machines, on acconnt of the differences in their constmction. The 
intermption of the indnced current mnst occnr nearlj at the instant when 
the sorface of the armatnre has passed the pole of the magnet. When 
not in ose, an armatnre of soft iron mnst be laid on the magnet. In 
ordering a machine of this kind, directions shonld be given to arrange 
the wire coiled aroand the revolving armatnre so that it can be nsed either 
as a Single long wire or a short, thick one, or as it is nsnallj expressed, 
so as to increase either the qnantity or the intensity of the current. 
Separate armatnres may be nsed for these pnrposes. 

[336] Magnetic phenomena produced by rotating 

disks« — The experiments on this snbject are performed with the whirl- 
ing tables. ^o a thick copper disk a h, fig. 696, solder a piece of brass 
c, in which a screw is cnt to fit the axis of the whirling table, and with 
this screw as a center tum the disk perfectly round and even. üpon the 
stirmp of the machine described in § 117, screw a circular board Ä Bj 
fig. 697, about six inches in diameter, with a flange cut on the edge. 



Fig. 696. 



Fig, 697. 





On this fit a cylinder of pasteboard, fig. 698, in which a disk of glass is 

fastened by rings in such a position that when the copper disk is screwed 

to the axis of the machine jTVy. 698. 

and the cylinder fitted over ' ^^ 

it, the copper will be close .^^"^ ' ' ^^ ^^ö'- 6^9. 

below the glass without 




tonching it On the glass 

place alow stand, fig. 699, 

supporting a magnetic 

needle nearly as long as the diameter of the copper. A rapid rotation 

of the copper in its case will cause the needle to rotate in the same 
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direction. The effect of different disks is yery aneqaal, ereQ when cat 
near each other from the same piece of copper. Saw oat radiating 
notches in another copper disk, to show the weU-known effect of thi& 

ig.) EXPEEIMEVTS OH DIAMAOHETISM. 

[337] FoT the ezperiments with bismath and other solid bodies, attach 
to the poles of a streng electro-magnet pieces of iron, such as represented 
in fig. 700. Thej are pierced at exactiy the same height to admit iron 
cjlinders, pointed at one end, aboat 2 centimeters in diameter, which 
slide easily in the holes and can be fastened by screws. By this means 
the poles of the magnet can be bronght within any distance of each other. 
The poles may be covered with a case made by pasting together pieces of 
Window glass, fig. 701, and resting on a strip of yelyet pasted to the table 
which snrronnds the poles, figs. 641 and 642. A hole is bored in the top 
of the case, through which a glass tabe, 6 to 8 inches high, is fitted bj a 



Fig. 701. 



Fig, 700. 




^ <i 




wooden cap. This tnbe is not cemented in, bnt both the upper and lower 
caps lined with yelyet The npper cap has two projections, throagh 
which a pin is thmst. On this pin is wound a fiber of silk, with a litüe 
hook at the end. 

[388] The substances to be submitted to the action of the magnet are 
attached to cocoon fibers, of abont i to f the length of the tnbe. The 
hook is let down inside of the box, the cocoon fiber hnng on it by a loop 
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and drawn np again. By moTing the boz a little, the olitject can easilj 
be bronght in a straight line between the two pointB, and its podtion of 
eqnilibrinm maj be changed at pleaanre, by tnniing the npper cap. The 
points mast be far enongh apart to admit the azis of the object between 
them, withont tonching. The anbetances ezperimented on ahonld be in 
the form of bars, abont 2 centimetors long, tied to the cocoon fiber. 
There should be bara of copper, iron, platlna, wood, etc., a little rhombo- 
hedron of leeland spar, a prism of tonrmalin, and especiaUy a bar and a 
fittle ball of bismnth, as free as possible from iron, thongh even the 
ordinary commerdal bismnth can be naed. Bars of bismnth are easily 
made by dipping a glass tube, ^ to 1 line in diameter, in the melted metal 
aod sacking it in qnickly. The glass tnbe is then broken, if the ezpansion 
of the bismnth has not already broken it A bit of one of these cylinders 
may be filed into a balL 

These ezperiments reqnire a powerfnl cnrrent, bat the repnlsion of the 
ball of bismnth from the line of the poles, and the eqnatorial position of 
the bar can be shown with an electro-magnet which will snpport only a 
few hnndred-weight For the ezperiment with the ball of bismnth, the 
poles mnst be bronght so near each other as jnst to admit the ball freely. 

{h.) EXFESIMEHTS OH THEBHO-ELECTBICITT. 

[389] Electrical currents with one metaL— a. Connect 
with the galyanometer two copper wires, one of which ends in a little 
plate; a cnrrent will be prodnced whenever this plate is warmed and 
tonched with the cold end of the other wire. 

b. Take a platina wire, several inches long and ^ to 1 miUimeter thick, 
bend it near one end into three or fonr spiral tnms abont a line in 
diameter, and connect it with the condncting wires of a galyanometer; 
by warming the spiral with a spirit-lamp a cnrrent will be prodaced 
which will pass from the spiral toward the cold part of the wire. 

c. Heat one end of a steel knitting-needle to redness, connect it with 
the galyanometer, and heat the spot where the soft and hard steel join ; 
a galyanic cnrrent will pass from the soft to the hard part The cnrrent 
may be maintained by moying the lamp toward the hard portion, so as to 
keep that part which is in the flame always red hot A cnrrent may be 
prodnced with a needle which has been entirely softened, by moying the 
flatne along the needle in the same way; the cnrrent passes in the 
direction in which the flame moyes. 

[340] Currents produced by different metals. — For 

this pnrpose two Clements are espeoially needM: one of copper and 

26 
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bismuth, the other of copper and antimonj-glance. Gast two bara of 

these metals, aboQt as thick as joar finger and 3 inches long, in paper 

monlds, and file them bright; the monld for the antimonj-glance mnst be 

thickly wrapped. Then bend two bits of copper wire or ribbon twice 

at right angles, and solder each with tin, as shown in 

fig. 702, fo one of the bars. The strip intended for 

£ig. 702. ^^ bismnth mnst be previonsly tinned, for the bismatb 

will not bear heat snfficient to canse the solder to mn on 

the copper. It is conyenient to fasten beforehand a 

needle point in each strip and each bar, to snpport 

litUe magnetic needles. 

In experimenting, set magnetic needles on the Clements and place them 

parallel to each other and to the magnetic meridian, on a wooden stand« 

with one Joint of each projecting. On applying heat to the joints with a 

spirit-lamp, a considerable deflection will be seen, in oppodte directiona 

in the two Clements. 

[341] The thermo-pile. — ^As this is ordinarilj nsed only in con- 
nection with the galvanometer as a thermoscope, it mnst be made on a 
small Scale, so as the more rapidij to assnme the temperatnre to which it 
is exposed. The Clements are made of bars of antimonj-glance and 
bismnth, cast in iron monlds, and shaped with a file as represented of 
natural size in fig. 703. The bars of antimonj-glance mnst be tinned on 
both heads with vcrj soft tin solder, becanse thej, like copper, do not 
take the tin withont considerable heat The soldering mnst be done with 
an iron, on account of the exceeding fnsibilitj of bismnth. The bars maj 
be held between spring forceps made of wire, like fig. 704, and the spaoea 

Fig. 703. Fig. 704. 




between the bars filled with bits of wood, which maj be left there to 
impart greater soliditj to the pile, bnt thej mnst not extend over the 
joints. The yertical rows of 5 pairs each are first soldered, and these 
nnited when all the lajers are complete. The end pieces of each row 
Fig. 705. Fig. 706. 




mnst haye an offset at right angles to the bar, like fig. 705. Fig. 706 
represents the combination of the end pieces of two vertical rows. When 
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Fig. tot. 



the pack of 20 or 25 paire is completed, lay it in a ronnd or sqoare case 

of brass, haviog first soldered to the middle of the first and last bare short 

copper wiresy which pass throngh two holes in the ca«e. These holes 

shoold be monnted with iyory for better insnlation, and the ends of the 

wires provided with permanent binding-screws. The vacant Spaces are 

filled np with plaster of Paris, which is afterwards 

scraped awaj so as to leave the ends of the bare 

free, and these are then blackened. Fig. 707 repre- 

sents the pOe complete and with a donble case, 

because for certain pnrposes a fhnnel-shaped cap 

must be fitted on, sometimes to exclnde eztraneons 

rays, sometimes to condense the rajs of heat. This 

conical cap mnst be polished on the inside, not 

blackened, as is sometimes done. It mnst have a loose 

fitting coTer. A tnbe of the same width, blackened 

within and also fitted with a cover, is slid over the 

other end of the case. As all this is easier to make when the case which 

indoses the pile is ronnd, it is nsnallj made in this form, and also pro- 

▼ided with a rod fitting in a stand so that it can be adjnsted to any 




Fig, 708. 




Fig, 709. 




height Fig. 708 represents the apparatns complete. In fig. 708 the 
tnbe of the stand is slit, and is fumished with a slightly conical screw and 
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a not, by which the rod can be damped tightly. Fig. 709 ia an enlarged 
Tiew of ihe arrangement The Conducton shonld be spiral copper wiies, 
which are yielding enongh to pre^ent the apparatas from being oTeraet 
by an accidental jerk. Connecting wires of this kind are nsefol in maoy 
other cases. This work reqnires a gpreat deal of patience, for solderiDg 
these thin pieces is a delicate matter; if you have them Boldered yon 
most watch closely that the proper order is obserred. It mnat be 
expected that many ban, especially of antimony-ghince, will be broken in 
the Operation; a good snpply mnst therefore be proYided. If great 
delicacy be not aimed at^ the work may be rendered very easy by taking 
barg abont 4 sqnare lines in cross section. A galranonieter, with few 
tams of thick wire, shonld always be nsed. The nse of the apparatas 
comes nnder the snbject of heat. 
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CHAPTBR VII. 

XXFERIMSNTS ON HEAT. 

(o.) EXPBBIinSirTS OH EXFAV8I0H. 

[342] Thx thennometer is based npon the expansion of matter by heat 
As this instroment is so constanüy Qsed, and with all care in handling 
one will be broken occasionaHy, there is the more indncement to acqnaint 
one's seif with the constraction of them, good thennometers being rather 
expensive. 

[343] Constraction of thermometen.— (a) SeiecHan of 

the tuhes, These are had from the glass-house, and onlj 5 or 6 feet 
taken from the middle of the tnbes, which are drawn 15 to 20 feet long, 
althongh this enhances the cost. As soon as they are made they are cat 
into lengths of 1^ to 2 feet, and sealed at both ends. For ordinary 
porposes, glass tnbes with flat bores have obvioas advantages; bnt for 
making very acenrate thennometers I wonld always prefer round tnbes, 
becanse they can be tested more ezactly. This Operation is performed 
by sncking into the tnbe a column of merenry abont an inch long, and 
moTing it by gentle agitation along the tnbe, carefnlly eomparing its 
length in diSerent parts with the original length. Having in this way 
fonnd a part of the tnbe of uniform size, if it be only 3 inches long, mark 
it by tying wazed thread around it and break it, so that the glass wasted 
in blowing the bulb may be taken from the uneven part. The Operator 
will soon leam by unpleasant ezperience that uniform thermometer tubes 
are very rare. For ordinary thennometers this is of little importance; 
the inferior tubes may be used for house-thermometers; which need not 
ränge above 100^ F., and may be graduated to this point by a Standard 
thermometer. Thermometers for ordinary physical purposes may also be 
made from the inferior tubes, and the limits within which they are correct 
marked on them. 

In sncking up the mercury, moisture is yery apt to be introduced into 
the tnbe, and it is almost impossible to get rid of it The only means 
likely to be at all successful is to heat the whole of the tube ezcept the 
bulb, and then heat the bulb, the air from the latter driving out the vapor. 
If any other impurity enter the tube, it may as weil be thrown away at 

(405) 
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once. Instead of sncking np the mercnry with the mouth, it may be 
done by tying the tabe Iq the moath of a thick india-rnbber botüe, 
sqaeezlng the bottle together and inserting the other end of the tobe in 
mercnry; the eksticity of the india-rnbber will draw np enongh. 

(6) PreparaJtion of the tvbe, After sealing and thickening the tobe 
at one end, a bnlb is blown on it according to the directions giyen under 
that head. Care mnst be taken not to introdnoe moistnre into the tnbe. 
As this will sometlmes happen with all the pains that can be taken, some 
recommend &stening an india-rnbber bottle to the end and blowing the 
bnlb by pressing this. It is mnch better to close both«ends, 
Fig, 710. heat the whole length of the tnbe, and then insert one end in 
the flame and allow the elasticity of the confined air to raise a 
small bnlb. The other end is then opened, closed again after 
cooling, and the Operation repeated nntQ the bnlb is abont 2 
lines in diameter. The flame is then direeted against the end 
so as to bnrst the bnlb ihere ; the orifice is widened with an 
iron rod, and strengthened by melting down tiie rim. A glass 
tnbe, 1 to 1^ lines in diameter, with thin walls, is then welded 
on and the Joint blown ont somewhat A bnlb can now be 
blown on the other end withont introdncing any moistnre in 
the tube. The tnbe when completed has the form of fig. 710, 
and is prepared in the best possible way for Alling. The size 
of the bnlb may be determined by comparison with another 
thermometer. 

If the tnbe reqnires a bnlb more than 4 to 5 lines in diam- 
eter, a cylinder, 3 or 4 inches long, shonld be welded on, as 
direeted aboTe, and the Joint blown ont bnt little, or not at alL 
The superflnous glass is then melted off. Thermometers with 
very stont tnbes often have a cylinder of the same size, so that 

• the Instrument can be thrust through a cork, the scaie being 
etched on the tnbe. 
(c) Filling. The mercnry is first freed from air by boillng, then 
agitated with dilnte nitric acid, washed with water, and dried with 
Fig. 711. blotting-paper. If a tnbe has not been welded on as above 
described, take a little glass fdnnel, or a tnbe drawn ont as in 
fig. 711, wrap the end of the thermometer tnbe with paper, 
and stick it in the neck of the funnel. Ponr the warm mercnry 
through a paper cone (§ 43, 4) into the fnnnel, and then heat 
the whole tnbe and bnlb over a spirit-lamp, by which the air 
will be ezpelled and mercnry forced in on cooling. Heat the 
tnbe again and boil the mercnry in the bnlb ; by this meani 
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nearly all the air will be ezpelled. The bulb mast not be remoyed snd- 
denly from the fiame, for the sadden inflaz of meicnry might break the 
tabe. A little babble of air Qsoallj adherea to the bnlb at its jonetion 
with the tabe ; bat the thermometer is allowed to cool, so as to force in 
as mach mercary as possible. Now heat the thermometer in a vertical 
Position, and the ezpansion of the mercaiy will driye the air babble ap 
the tabe. As soon as yoa think that the mercary below the babble has 
reached the end of the tabe, remoye the lamp, and watch whether the 
babble draws back into the tabe. If it does so, heat it still higher and 
stir abont the end of the tabe with a knitting-needle. All this is mach 
easier with the tabe shown in fig. 710, in which the mercnry can be boiled 
and the babble is never ont of sight. If, after all, a minate babble of air 
shoald remain, it will do no härm, provided it be not large enoagh to be 
yisible before the tabe is closed, for the remoyal of the ezternal pressare 
of the air will cause it to ezpand. 

When the tnbe is perfectly cool, ponr the mercary ont of the funnel and 
expel a drop ortwo from the labe, in order to determine, by a preliminary 
ezperiment, the length of ten degrees. Yoa may then make ap yoar 
mind how yon will arrange the scale to snit the length of the tabe. 
Ordinary thermometers shoald indicate from 20^ to 40^ F. below zero, 
bat in order to reach or ezceed the boiling point, one mnst often be con* 
tent with 10° below zero. The thermometer may be made to ränge as 
high as 648° F. Taking these things into consideration, make a mark 
on the tabe which shall indicate the present temperatare of the air, and 
expel or add mercary antil the top of the colamn Stands at its height 

Thermometers which are to be exposed to a temperatare below the 
ireezing point of mercary are made with spirits of wine, bat with this 
exception mercaiy alone is nsed for the parpose. The tubes of spirit 
thermometers are made as mach as ^ millimeter in diameter, to render 
the spirit more yisible, and for the same reason it is generally colored red 
with cochineaL To prepare the tinctnre of cochineal, rnb the cochineal 
fine in a mortar, make it into a paste with spirit of wine, and rab this ap 
for some time. Then add more spirit and a little salpharic acid, stir it 
well, let it settle, and decant throngh a filter. Wash the residne with 
spirit, and remoye the lead-gray scales.* The process is repeated with 
what remains on the filter nntil the solation becomes too pale. A 
drachm of cochineal will make a poand of tincare. The aqaeoas infasion 
is prepared in the same way. As cochineal is apt to deposit coloring 
matter, a tinctare of Brazil-wood fs preferable for coloring spirit. The 

* Cochineal is usually adolterated to the extent of 25 per cent. with metallio lead. 
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tobe ifl filled in the same way as wlth meicary, or eise drawn out to a 
point and immened in a capsole containing spirit of 60 or TO per cent, 
aa shown in fig. 712. 

Fig. 712. (^ Closingihettibe. Wben 

the qoantity of meieory is 

regolated, melt off the fonnel 

and draw out the tobe to a 

fine point Now heat the 

thermometer nntil a drop of 

mercnrj appears at the capil- 

larj apertnre, then withdraw 

the bolb from the flame and 

insert the point It mdti 

qnicklj, especiallj with the 

aid of the blow-pipe. The 

mercnry contraots and leares 

a yacanm above it The 

end of the tnbe sbonld then 

be ronnded in the flame, and, 

if it is to be attached to a 

flat Scale, bent oyer, as seen in fig. 713. If the colnmn of mercniy shoold 

be separated by an air bnbble after closing, fasten the thermometer to a 

string 3 or 4 feet long and swing it in a circle; if the 

^' • ^3- tnbe be not too narrow the centrifngal force will cause 

f ^gg^i^ =l^ the mercnry to nnite, and the little bnbble of air abore 

it will do no barm. 

To leave air in the thermometer with or withont an expandon of the 

npper end is very objectionable ; for jnst as the pressure of the extensl 

air in exhansted thermometers canses an elevation of the freezing point 

by compressing the bnlb so as to make it necessary to wait 2 or 3 months 

after closing the tnbe before gradnating the Instrument» in the same way 

the inclosed air becoming compressed when the thermometer is heated, 

lowers the boiling point 

Spirit thermometers are also freed firom air. They will still, howover, 
bear the temperatnre of boiling water, the pressure of the vapor prerent^ 
ing the floid from boiling, unless the bulb is yery thin. The size of the 
tube renders it very easy to remedy the Separation of the column of spirit 
by swinging. 

(e) Determination ofike fixedpoints. The freezing point is fized 
by immersing the bnlb and tube as ftur as the top of the mercniy in a 
mizture of ice or snow with a little water. Tie a wazed sUk thread 
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aronnd the tube, and, when the mercury remains stationary, sUde the thread 
aloDg nntU its lower edge is taogent to the top of the colamn. This point 
maj afterwards be marked with a Bcratching diamond. It is well to do 
this when the temperatnre of the air is bnt little above freezing. The 
boUing point is determined in a metallic vessel like fig. 714, whose long 
neck has two apertnres for the escape of the steam. The thermometer 
shonid be thrnst throngh a cork so as to slide easily, and the cork fitted 
in the neck of the Tessel, in which the water has been boiling for some 
time. The bnlb most nearly tonch the boiling water. The lower part 
of the vessel is made of copper, and the npper part^ which need not be 
narrow, is soldered in with zinc and set by a projecting flange on the 
retort stand, fig. 715, which is needed for so many other pnrposes.* 

Fig, 715. 





Heat may be applied either by a gas or spirit flame. The tube is 
l^aently drawn a little way ont of the vessel, and the thread, previoosly 

* The. slide may be triangulär althongh the rod is round, but the sorew should 
always aot against a brass plate which presses on the rod. 
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Fig, ne. 




tied aronnd it, moved by a rod to the top of the coloinn as before. When 
the point is pennanently fized, mark it with a diamond. The boiling 
point can be determined in a wide-necked glaas flask, 
bj placing a spiral coil of wire in the water and 
dosing the neck of the flask with a cork, which has 
an apertare for the thermometer and a bent tube for 
the escape of the steam, fig. 616. 

In fixing the boiling point, the pressare of the 
air mnst be observed, the boiling point of thermom- 
eters being rednced to a pressare of 76 centimeters, 
or 336*9 Paris lines. This correction mnst be made 
by a table of the pressare of aqneons Tapor at 
different temperatures; bat as the height of the 
•barometer is not so yery yariable, it is enoagh to 
know that when the barometer Stands at 70-7 centi- 
meters, water boils at 98^ C, and at 73*3 at 99^ C, 
the intermediate pressures being proportional to 
the temperatnre. For instance, if the barometer 
stood, daring the determination of the boiling point, 
at 72'5 centimeters, the point foand woald corre- 
spond not to 100 bat to 98*7, and the space between 
it and the freezing point mnst be diyided aecordingly. A sfaorter (and 
for most parposes snfficiently acenrate) method is to dedact from 100 
Fig, 717. 0*0378® Centigrade for every millimeter which the barometer 
Stands below 76 centimeters, and for every Paris line below 
336*9 dedact 00881® C. In these redactions the height of 
the barometer is snpposed to be redaced to the freezing point 
(/) Scales, For ordinary ase, it is best to make the scale 
apon paper, the Centigrade and Fahrenheit side by side. 
The diTision may be performed either with the diyiding 
machine, fig. 149, or with a pair of dividers by band. Roll 
this Scale over a thermometer tabe, and slip it in a glass tabe 
aboat as thick as a lead pencil, with a glass brace as wide as 
the thermometer tabe at the bottom, like a, fig. 717. Thrast 
the thermometer ap to the halb throagh this brace, and then 
make the fixed points of the paper scale correspond with 
those on the tabe. Drops of sealiog-waz having been 
preyioasly attached to the top and bottom of the paper, heat 
the tabe antil these melt, then seal the tube at the top and 
weld the end of it to a piece already attached to the ther- 
mometer tabe at b. The tabe which contains the scale mnst 
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Fig. 718. 



A 



not be too large» otherwise it renders the instniment too bolky when it is 
to be immened in small qnantitieg of fluid ; for the same reason, small 
thermometer tnbes tre preferable. The thennometer and 
acale are often inlosed in another tabe bo as to leare only 
the bolb projecting, as in fig. 718. This ib a dilBcnlt Oper- 
ation, and thongh rery nsefal for some technical purposes, 
does not admit of g^at accnracy. 

When the scale is made of wood, braes, or iyory, a hole 
mnst be made in the top to receive the hook, fig. 713. On 
ivory the linea may be blackened with indian-ink, and the 
Scale scraped OTer with glass. Brass is warmed and coated 
with black sealing-wax ; when cold it is again gronnd with 
water and then vamished with shellac, or silyered. 

The scales of spirit thermometers accord well enongh with 
those of merenry below the freezing point, bnt above this 
point the obserrations mnst be corrected by a special table, 
nnless the scale has been regnlated for eyery ten degrees by 
a meicnrial thermometer. 

{g) Scales etched on glctas. It ib often desirable to have 
the Scale npon the thermometer tnbe itself. Scratching the 
lines with a diamond renders the tnbe liable to break ; it is 
better to etch them with finoric acid. The scale is first 
drawn on paper, transferred to the glass in the manner described in § 33, 
and then etched. 

[344] Leslie's differential thermometer.— Take two ther- 
mometer tnbes, about 1 to 1^ millimeters 
Wide, and blow upon them two nearly eqaal 
bnlbs, 2 to 3 centimeters in diameter. One 
of the tnbes should be calibred (§ 343 a.) 
The calibred tnbe should be long enough to 
form one vertical limb of fig. 719, and the 
other tnbe to form the other limb and the 
cross piece. Weld the tubes together, and 
with a pointed fiame and a little glass rod 
draw out some point of the horizontal part 
into a fine tnbe. Bend the tubes as shown 
in the fignre, and warm the bulbs so as to 
draw in enough sulphuric acid, colored with 
cochineal, to fiU one yertical limb and the 
horizontal part. Seal the opening, and 
monnt the tube on a stand with a scale diyided into lines for the calibred 
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limb. If the tnbe be not calibred, there mnst be & seale for each Hmb. 
Distribnte the air by heating one bolb or the other, so that the liquid will 
stand at the same height in both limbs when the bnlbs hare the same 
temperatnre. Blacken one bnlb with indian-ink when it is to be ezposed 
to radiant heat. This Instrument is only used as a thermoscope, although 
the Scale can, of course, be made comparable with that of the mercnrial 
thermometer. The Instrument is more delicate when fiUed with colored 
spirit of wine and nearly ezhausted of air by boiling. 

[345] Butherford's maxlrnnm and Tnlnlmmn thar- 

mometers. — ^Wider tubes are taken both for the mercnrial and spirit 

thermometers than is usnal. The former should have a diameter ^ to f 

millimeter, the latter 1 to 1^ millimeter. The scale, which is graduated 

by a Standard thermometer, ranges nsually trom — 35^ + 100^ F. A 

bit of wood is perhaps preferable to the steel index, becanse the steei 

after long nse sometimes adheres to the mercuiy, and of course does not 

fhlfill its design. The glass index in the spirit ther- 

Fig, 720. mometer consists of a slender tube of black glass, 

^ swelled at both ends, and so a^jnsted as to sink slowly 

in the spirit. Fig. 720 represents this index, magni- 

fied twice. 

[346] Expansion of SOlidS. — This is f^quently measured by 

Instruments called pyrometers, which consist of a metallic rod, one end 

of which is fixed and the other acts against a System of levers or cogged 



Fig. 721. 
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^^^f^§fi- 




wheels. The former is preferable. Fig. 721 represents an instrum«it 
of this kind, and the mode of heating the bar by a spirit-lamp. Such a 
contriyance evidently cannot be used to measure the heat, but only to 
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Fig. 122. 



ezhibit the &et of the expansion.* This is nsnally shown bj a metallic 

bally wliich whea cold fits aocnrately in a metal ring, bat irtien heated 

will not pasB throngh it. Such a ball ia easily 

tnnied, as it need only be round in one direc- 

tion. The ring ia monnted on ihree feet, fig. 

122. 

To show the nneqnal expanrion of different 
metals, fasten together a slip of iron and one 
of brass, abont a foot long, \ inch wide, and \ 
line thick, by rivets \ an inch apart, fig. 7 23. The 
compoond bar, thongh straight when cold, bends 
when heated. Soldering the bars together 
leares them peieepUbly crooked even when 
cold. 

In a gridiron pendnlnm of zinc and iron, the 
zinc rods mnst be y\, or, according to others/ 
O'tö of the length of the pendnlnm from the 
point of Suspension to the center of the ball. 
A conple of zinc rods is enongh. The rods 
may all be riveted in the cross bars, ezcept the 
middle one, which sapports the ball, which mnst 
be serewed into the last npper cross bar ; the work thus becomes very 
simple. The ball is made of two spherical segments of brass soldered 

Fig. 123. 




together with silver, and the space between filled with lead. It may 
afterwards be tamed on a lathe. It is most convenient to fosten it to the 
rod in a horizontal position, by a hole bored throngh the centers of the 
two disks. 

The constmction of metallic thermometers is very difficnlt, and too 
often those obtained from good instmment-makers are inaccnrate. They 
are nsnally too dnU for almost any nse, becanse they are inclosed in gh^ss. 

[341] Expansion of liquids. — If the ezperimenter does not 
wish to confine himself to the exhibition of the fact, with a mercurial or 
spirit thermometer, but to show the expansion of other liquids, the vessel 

* Experiment al meBsurements of the expansion of bodies, whether solid or liquid, 
are not stüted for instniotion, sinoe, apart firom the loss of time, all the necessary 
preoautiona eannot be obserred. 
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represented in ^ or f the natural dze in fig. 724, is very well adapted for 
the ezperiment. It is made of glass, and has a mark on the neck at o. 
It 18 filled with the liqaid by warming it, and left to cool ; the liqaid is 
then removed from the fannel by means of blotting-paper nntil the anrfaoe 
coincides with the mark on the neck. The application of heat canses it 
to rise in the fannel again. The apparent ezpansion of the liqaid can be 
easily determined by filling the yessel np to the mark at the freezing 



Fig. 725. 



Fig. 724. 





point, weighing it, and after heating it to a certain degree in water and 
remoring the excess above the mark, weighing it again. The tare of the 
vessel mnst be dedacted from both weights. To ascertain the actnal 
expansion, the expansion of the glass mnst be taken into consideration. 
If a vessel of this kind is not at band, it is easy to make one ont of a 
glass bottle and a tabe, as shown in fig. 725. 

The expansion of water may be shown independently of the glass, by 
the apparatns fig. 726. It consists of two tolerably wide glass tabes, 
closed with a cork at one end and connected by a small bent tabe. The 
whole System is fastened npon a board, with a scale gradaated to inches 
and lines. The tubes are first half filled with cold water, and bot water 
then ponred into one of them so as to run down the side, nntil both tabes 
are nearly fall. The warm water will always stand 3 to 4 centimeters 
higher than the cold. The experiment sncceeds better when the small 
tabe is provided with a stop-cock, which is not opened nntil both tubes 
are filled with water. The small tabe can easily be welded to the laige 
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ones, instead of being fastened with corks. The small tnbe maj also be 

long enoogh to pass throagh the corks nearlj to the top of the larger 

ones. The smaller is then 

filled with colored water, one ^9- '26. 

of the large ones with pore 

bot, and the other with cold 

water. 

[348] Maximum 
density of water.— To 
demonstrate the fact, take a 
stont thermometer tnbe, abont 
1 millimeter in bore, and blow 
on the end of it a bolb 4 
centimeters in diameter. Fill 
this thermometer with distill- 
ed water, and seal it when 
free from air. Any bnbbles 
which show themselves maj 
be easily bronght bj swinging 
into the npper part of the 
tnbe. Next, tie two waxed 
threads aronnd the tnbe, 
plnnge it in melting ice, and 
move the lower thread afber 
the water as it sinks, nntil it 
begins to rise again ; when it 
ceases to rise, place the 
second thread at the top of 
the colnmn. The ball may 
be removed from the ice to 
the band, in order to show to several persons at the same time that 
the colnmn of water sinks, rapidly at first and then more slowly, nntil it 
reaches the lower thread and then rises again. When the water has 
risen above the npper thread, the bnlb may again be plnnged in ice in 
Order to show this important fact to all the andience withont nnnecessary 
loss of time. The expansion of glass need not be taken into consideration. 
If the apparatns were made larger, in order to render the colnmn of 
water more apparent, the cooling and warming wonld proceed too slowly. 
With the dimensions given above, the distance between the two threads 
will be abont 4 to 5 millimeters. The temperatnre of the maximnm 
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density may h% easQy measored by haying a little bottle, in the cork of 
which is inserted a thermometer, a, fig. 727, and a glass tabe &, 1 to 2 
millimeters in diameter, proyided with an arbitrary scale. 

[349] Expansion of gases. — To show thia» reqnires only a 
simple air thermometer, which senres by comparison with a meTeorial 
thermometer to show the comparatiTe ezpansion of gases and liqaids. 

(&.) EXPESIKEHTS OH OHAVOES OF THE PHTSICAL STATK 

[350] Latent heat of Water. — ^Weigh oat in a tared glass Tessel 
a pound of crashed ice or snow, and add to it qnickly a poond of water 
at 174^ F. and sür them together ; the temperatare of the miztore wiU be 
320 fi r£Q jQ^]^Q ^^^ experiment snccessfnl, the temperatnre of the room 
most be bnt little above 0° C. It is better to take 2 or 8 poonda of 
water at a temperatare of 85^ to 100^, becanse this loses less heat while 
pouring in. The qnantity of latent heat is determined by a simple calcn- 
lation, when the temperatare of the mixtare is above 32^. In sommer, 
however, the experiment will always give bad resalts, on acconnt of the 
water already mingled with the ice. It is desirable in sammer to choose 
the temperatare of the w^ter, so that the mixtare will have aboat the 
temperatare of the room. This experiment, e7en when the figares are 
not very accarate, is rery well adapted to illastrate the important law of 
latent heat 

[351] Freezing mixtures. — The mixtare of three parts of 
poanded ice or snow, and one part of common salt, rapidly stirred with an 
iron spoon, yields a semi-flaid mass, the temperatare of which füla erea 
in sammer to 14^ or 10^ F. A temperatare as low as 3^ F. may be 
obtained by previoasly cooling the salt with ice, and sarroanding the 
vessel in which the mixtare is made with the same. The qaantlties 
employed shoald be enoagh to yield at least 2 or 8 poonds of the mixtare. 
Other freezing mixtares cannot be recommended for dass illastration; 
they show nothing more than can be shown with ice and salt, althoogh 
some of them prodnce a lower temperatare. In the absence of ice, a 
safficiently low temperatnre to freeze water in thin tabes can be prodoced 
by a mixtare of crystallized Glaaber salts and commercial foming mnriatic 
acid. The foUowing mixtare is valaable, becaase the salts can be 
recovered by crystallization, and it may therefore be nsed with adrantage 
on a large scale — ^for example, by confectioners. It consists of 5 parts 
of sal ammoniac, 5 parts of saltpeter, and 10 parts of water at a temper- 
atare of 50^ F. ; the mixtare falls to 10° F. Orabaad's asefol apparatas 
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for this parpose is represented in figs. 728, 729, and 730. The ice is 
fonned in 9 conical tin tabes, opening above into a common cylindrical 



JF^. 729. 



Fig, 728. 





Fig, 730. 




Space, which is closed by a cover as represented in fig. 729. This fignre 
is a section of the freezing apparatus proper, in the line a b, fig. 730, 
which is a plan of the same apparatus. The snbstance to be frozen is 
placed in the conical tnbes, the cover screwed on, and the lower pivot of 
the apparatus set in a hole made for it in the bottom of a wooden tub, 
fig. 728. The tub is either filled with the above mixture, or eise half filled 
with Terj cold water, and an eqnal weight of fine crystallized nitrate of 
ammonia added to it; the cover is then fastened on the top, and the 
freezing apparatus rapidlj tumed bj the handle. In a short time, the 
water in the conical tubes will be frozen. The following are also freezing 
miztures : 3 parts of crystallized chloride of calcium and 2 parts of snow 
yield a temperature of 32^ to — 18^ F. Equal parts of snow and dilute 
sulpharic acid yield from 23^ to — 60^ F. 

27 
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[352] Füflible alloys are obtai&ed by tfae foUowing mixtares : — 



BtaBnai. 


Hü. 


Lead. 


nutac Point. 




1 


1 


201-2 F. 




^ 


2i 


212 




Ij 


4 


225-5 




2 


4 


264 




H 


1 


246 1 




4 


4 


254 




4 


5 


266-6 




4 


6 


269-6 




4 




286-2 




7 


8 


290 




6 


8 


293-8 




18 


11 


309 ' 




18 


16 


320-4 1 




24 


16 


331-8 ' 




8 




834 




12 


15 


841-6 




5 


1 


381-2 


4 


32 




392 






1 


419 






n 


429-8 






8 


442-4 






8i 


449-6 






10 


469-4 






14 


489-2 






19 


509 






SO 


530-6 






« 


550-4 



The last seven alloys are used as a bath for imparting an nnifonn temper 
to catting Instruments, which it is difficnlt to do when they are long or 
Vary in thickness. The seven alloys named impart respectively the 
following tints to steel : pale yellow, gold yellow, dark yellow, pnrple, 
Tiolet, dark blne. Light blae is obtained in boiling linseed oil at 599° F. 
Instruments heated in these metallic baths at the fnsing point need oo 
further tempering. 

[853] The liberation of caloric at the moment of solidification is best 
exhibited in the following way : — ^Place in a phial 2 parte of crystallized 
Olauber salts and 1 part water, heat it to the boiling point, and aller 
inserting a thermometer in it, let the mixture cool down to 65*7° F. In 
Summer it must be set in cool water. If a grain of Glauber salts be theo 
introduced, the temperature rises rapidly to 81° or 86° F., while the 
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greater part of the sMt crystallizes. If the yessel be standing !d water, 
this must be remored bj a siphon jnst before the crystallization takes 
place, eise the temperature will not rise so high. When the glass with 
its Contents is to be preserved, the water which eyaporates mnst be re- 
placed from time to time, a mark on the glass serving to indicate the 
original qnantitj. The phial shonld be onljhalf fiUed. 

Hyposnlphite of soda maj be nsed for this experiment, and does not 
reqnire the addition of water, since the salt dissolves in its own water of 
crystallization. The Solution is allowed in this case to cool to 65° or 
77°; a slight agitation of the glass will cause the salt to crjstallize, 
and the thermometer will rise 72°. The result is more striking in this 
ezperiment than in the last, but hjposulphite of soda is not always to be 
had, and is rather expensive. 

[354] Crystallization of bismuth.— This is effected most 
easily bj melting 2 to 4 Ibs. of the metal in a hemispherical iron ladle, 
allowing it to cool slowlj nntil a crust is formed on the surface, then 
breaklng this with a wire and pouring out qnicklj the still fluid metal 
from within. This yields, if not always large crystals, at least faces, from 
which project the comers bf numberless cubes. Eine large crystals with 



beautiful stair-like arrangement can be obtained 
only by making the bismuth chemically pure, 
which is a rather tedious Operation. 

[355] Laws of vaporization. — To 

illustrate this subject, we use the yessel fig. 731, 
and a wide glass tube, a meter or more in 
length, well cleaned and closed at one end. 
This tube, previously warmed, is filled through 
a paper funnel with pure boiled mercury, to 
within ^ or 1 centimeter of the top, and the 
air bubbles carefnlly removed in the manner 
described in § 96. This may also be effected 
by placing the filled tube under the receiver of 
an air-pump, and exhansting the air as com- 
pletely as possible ; the escape of the bubbles 
being aided by gentle agitation. After the air 
is again admitted, invert the tube in mercury, 
replace it under the receiver, and repeat the 
exhaustion; then incline the tube so that the 
mercury may touch the top, close it with the 
finger, and remove it from the mercury, invert 
it, and replace it under the air-pump with the 



Fig. 731. 
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apertnre upward. Fill it at last, completely with mercary. Withont 
these precaations, the results would vaiy too mach from the law, on 
accoant of the air inclosed in the space above the mercary. Fill the lest 

of the tobe with boiled salphnric eiher, 

^ Fig, 732. close it with the finger, and invert it in 

^^ the vesseL The ether may be introdnced 

iS^ when the inverted tabe is entirely filled 

^0^ with mercary, in order to show the imme- 

^^^ diäte depression of the latter; for this 

^fl^ parpose, take a crooked tabe, like fig. 

^flL T32, 3 to 6 inches long, poar into it 

^ J|^^ ,^__^^^y enoagh snlpharic ether to fill it up to 

^'^'■^■■^^ the point, immerse it in qnicksilver, 

with the point ander the barometer tabe, and add a litüe more ether 

from a pipette; then close the npper end of the tabe with the finger, 

and expel as mnch ether as necessary by the warmth of 

fl^yäS'^ The laws of vaporization may be very well illnstrated 

'' '^^cr.tjii! ^^ ^^^ apparatas thas arranged, care being taken not 
j ^? to introdace into the tabe enoagh ether to balance the 
pressure of the air, when the tabe is drawn out of the 
vessel as far as possible. Five millimeters of ether are 
enoagh for a tabe not over 1 meter in length. The 
condensation and expansion of the vapor of ether may 
also be exhibited when it does not fill the vacnam, and 
likewise the increase and decrease of its elasticity, as 
the Space is made smaller or larger. Tabes, closed at 
one end with an iron screw, are very conyenient. They 
are first inserted, entirely open, in the Tessel fig. 731, 
drawn ont as far as possible, immersed again, opened, 
and the remaining space filled to overflowing with 
boiled ether; the apertnre is then closed, and the appa- 
ratas is ready for experiment. 
i m^ 1 For these experiments, it is very convenient to have 

a Scale fastened to the frame, the zero point of which 
indicates how far the vessel shonld be filled with mercary ; 
the Scale mast be gradaated to correspond with the 
barometer nsed. The scale might be marked with 
indian-ink on the tabe itself. 

To show the effect of a rise of temperatnre in increas- 
ing the elasticity of the vapor of ether, yon need only 
hold a piece of heated meteJ near the tabe. 
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To measnre the elasticitj of the rapor of water below 212^ F., take a 
Siphon barometer, like fig. 733, with a tolerablj large bnlb, and draw ont 
the end of the bnlb to a point Introdace water into the bnlb above the 
mercnry, boil it nntil the air is entirelj expelled, and then seal the apertnre. 
The difference of lerel of the mercnrj in the tnbe and in the bnlb indicates 
directly the elastic force of the vapor of water at the obsenred temperatnre. 
Ether maj be employed in the same waj, and boiled by being plnnged in 
hot water. The tnbe is attached like a thermometer to a board, on 
which a scale is drawn. The mercnry in the tnbe mnst not be more than 
snfficient to fill f of the bnlb, and the water, after boiling, mnst occnpy 
less than the remaining third. A boiled barometer is not necessary. One 
filled with boiled mercnry and placed nnder the air-pnmp, as directed 
above, yields sufficiently acenrate resnlts for temperatnres below the boiling 
point. In fiUing, it is convenient to have the point bent ontward in the 
plane of the two tnbes. The tnbe is then placed in a safe position, with 
the bnlb over a large dish, and the npper end lowest; the mercnry 
introdnced throngh a glass tnbe drawn ont to a fine point, and gradnally 
worked ronnd the bend by holding the tnbe nearly horizontal. In small 
tnbes, the snccessive portions of mercnry which pass the bend do not unite 
readily, and reconrse mnst be had to the centrifngal force, by swinging the 
tnbe with a short string tied aronnd the bend. By taking a tnbe similar 



to fig. 733, and sealing np water boiled in the bnlb 
over the mercnry, we have an apparatns by which 
the tension of rapors over 212^ F. may be determ- 
ined, so far as the height of the tnbe allows. The 
water is heated in a mercnry bath. 

[356] The following experiment serves to illns- 
trate the law, so important for the condensing steam- 
engine, that vapor in a closed space always has the 
tension which corresponds to the coldest part of the 
apparatns. Blow a bnlb, 1 inch in diameter, npon 
a barometer tnbe, 30 inches long ; bend the tnbe 
twice at right angles and fasten it to a snpport, as 
shown in fig. 734. Introdnce snlphnric ether into 
the bnlb. Boil the ether either by a spirit-lamp or 
hot water, and keep it boiling nntil it is certain that 
all the air is expelled firom the bnlb and the tnbe ; 
if the bnlb was half fnll of ether, the half of it may 
be rapidly evaporated. While the ether is still 
boiling, plnnge the end of the tnbe into a glass con- 
taining warm, boiled mercnry. On cooling, the 



Fig. 734. 
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Fig, 735. 




mercnrj riseB gndiudly in the tnbe, to a height corresponding to the 
temperature of the air, a litüe ether oondeiuring on its snrfaoe, especiaUj 
when cold mercorf \% nsed. Wheii the meronry ceaees to liBe, plnnge the 
halb iQto a glase of ioe water; the mercorj will again begin to riee, and 
soon reachea the height correeponding to this new temperatnre, althongh 

onlj the halb and not the tnbe was eooled. 
Dnring this, the ether Condensed on the 
snrface of the mercnry eraporatea. If the 
mercnry has not been boiled, air babbles 
will rise throngh it on cooling; this affects 
the main resnlt only in so far as it lessens 
somewhat the height of the mercnry in the 
tnbe. 

It is not Tery easy to blow a large bnlb 
on so long a tnbe; if this cannot be done, 
fit a little thin glass phial to the tnbe by 
means of a corL It is well, in this case, 
to prepare the ezperiment, as fiur as cool- 
ing with ice, before the lectnre, becanse 
the cooling to the temperatnre of the air 
proceeds slowly, on acconnt of the thick- 
ness of the glass. This ezperiment is 
nsnally made with two small flasks of the 
capacity of 1 to 2 cnbic inches, as in 
fig. 735. The ether is boiled in both, 
and when the whole has assnmed the 
temperatnre of the air, one of the flasks 
is eooled. 

[857] The appartns represented in fig. 736, ^ to } of the real size, is 
designed to show that the same laws which app]y to yapors of ether and 
water hold good also for other gases. It consists of a strong glass 
cylinder (7, with brass caps on each end; into the npper one is screwed a 
forcing-pamp, and a water reservoir 6. With the dimensions given, the 
glass mnst be from 7 to 8 millimeters thick, (this, at least, is snfficient,) 
and the joints well secnred by washers. Within the cylinder is placed an 
iron vessel with a long handle a, containing mercnry, and in this, fonr 
small tubes, one of which contains atmospheric air, and is gradnated by 
atmospheres; the otbers contain gaseons sulphnrons acid, ammonia, and 
cyanogen. The mercnry cistem need not be more than half as high as 
shown in the fignre, and the tnbes mnst be fastened in some way to tlie 
handle. For this pnrpose, two disks are fastened to the handle, eaclj 
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Fig, 736. 




proTided with fonr split rings, which can be 
tightened by a screw. The handle which 
snpports these disks mast be onscrewed from 
the bottom of the yessel, in order to pass the 
rings oYer the tubes; bnt since the rings 
most» at all events, be made elastic and 
fhmished with a screw, as in fig. 737, No. 1, 
it wonld, perhaps, be better to adopt one of 






the three other modes of fastening indicated 
in fig. 737, so that the tnbes need onlj be set 
in their places. I wonld prefer No. 3. The 
tnbes mnst be long enongh to reach nearly 
to the npper cap, so that the stratam of 
flnid Condensed above the mercnry will be 
apparent enongh. When the vessel a is in 
its place, fill G with water, screw on the 
pnmp, fill h also with water, and tnm the 
stop-cock s so as to make a commnnication 
between the pnmp and the reservoir 6, as 
shown by the marks on the handle. Then 
draw up the pistou so as to fill the pnmp 
with water, tum the cock a qnarter of a 
revolntion so as to close the commnnication 
between the pnmp and 6, and open that with 
(7, then depress the piston. After a few 
strokes of the piston, tnm the cock carefnlly 
so as to make a commnnication between 
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and b, in order to allow the air left in (7 to escape. This is repeated 
uDtfl no more air escapes. The compression is now continaed, the 
aacent of the mercaiy in the tobe filled with air indicating at each moment 
the pressare ; the other gases, one after the oiher, become liquid, and as 
soon as one of them begins to liqnefy, the mercuiy rises onlj in this 
tobe, nntil the gas is entirely converted to liqnid. By opening the 
cock 8 a little toward b, the water gradaallj escapes, and when the 
pressare is sufficientlj diminished to allow one of the liquids to become 
gaseoos, it assames this condiUon as rapidlj aa the water can escape. In 
opening the apparatos to empty it, the commnnication between b and the 
cylinder G mast be left opened ; otherwise a rarefaction is prodnced in C, 
when the pump is nnscrewed, and part of the gases escape from the tnbes. 
It is well, before opening the apparatns, to remore the water from 6 by a 
Siphon. The apparatos mnst be emptied each time, becanse one of the 
gases decomposes, and all are gradnally absorbed. 

With this apparatns, a vessel is nsnally fhmished to show the com- 
pressibility of water, according to the method of CoUadon and Storm. 

[858] A similar ezperiment can be made with the air-pnmp and ether. 
Take a perfectly clean glass tnbe, abont 24 centimeters long, aomewhat 
contracted and closed at one end, and fill it to within 5 mlllimeters of the 
top, with hot boiled mercnry, ponred throngh a long, pointed tnbe, (§ 96.) 
Fill the rest with boiled ether, and insert it in mercnry. Beside this tnbe 
place one of the same length, indosing abont 3 centimeters of air. If the 
Fig. 788. cdr is slowly exhaosted, the mercnry at first sinks in the 

air tnbe nntil the tension of the yapor of ether is eqnal 
to the pressure of the air which remains, when vaporiz- 
ation begins and the mercnry in the air tnbe remains 
stationary; on the readmission of the dr, the reverse 
takes place. The pump mnst be worked yery slowly, 
eise the mercnry will not remain stationary in the tnbe. 
The experiment shonld be tried before exhibiting it^ for 
npon the admission of the air, an air bubble nsnally 
appears above the ether; the ether tnbe mnst then be 
closed with the finger, removed from the cistem, and 
filled np with boiled ether. If too much ether has been 
introdaced at first^ exhanst the air, nntil a portion of it 
escapes by evaporation. Fig. 738 represents the appa- 
ratus complete. A wooden cap is fitted tightly npon 
the glass cup a; this snpports a board with a cross- 
piece having two holes for the tubes. When the tnbes 
are plunged in the mercnry the cistem mnst be nearly füll, and shonld, 
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therefore, be sei in a larger Tessel; the ezcess must be ponred ont before 
the wooden cap is slipped'oyer the tnbes. The experiment is still more 
instractiTe, if a boiled barometer tnbe can be introdnced ander the 
reeeiver at the same time, bnt it mnst be, at least, 15 inches high. 
Imrtead of filling the tnbes hot, it can be done as described in § 357. 

(c.) EXPETtTMEHTS OH THE DUTTTSIOH OF TAP0E8 TEBOTTOE 

OASES. 

[359] In Order to demonstrate the law that gases, which, in a State of 
Saturation fiU any space, when mingled with other gases have the same 
tension as in a vacanm, make the same arrangement as for Mariotte's 



law, § 98, and then introdnce into the 
barometer tnbe a few drops of snlphnric 
ether. The mercnrj sinks immediatelj. 
If the air be rednced to its former 
Yolnme, bj depressing the tnbe, the ten- 
sion will be increased by an amonnt eqnal 
to the tension of the vapor of ether in 
racno, at the given temperatnre. This 
maj also be shown very simply in the 
following way: Take a flat-bottomed 
flask, fig. 739, fit in it a good cork with 
two glass tnbes, one of which is bent to 
serve as a manometer. Dry the flask 
thoronghly by connecting one of the 
tnbes with the air-pump and the other 
with the Chloride of calcinm tnbe, fig. 
739, by means of caontchonc connectors, 
and making several strokes with the 
pump, at intervals of 15 minntes. When 
the vessel is filled with perfectly dry air, 

Fig. 740. 



Fig, 739. 





disconnect it, and ponr some mercnry into the manometer tnbe. Oonnect 
a small fnnnel, fig. 741, to the other tnbe by means of india-mbber, which 
is sqneezed together by a clamp, (§ 104.) Put water in the fnnnel, and 

2l2 
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let a few drops M into the flask. Before loDg, the mercoiy in the mano- 
meter wUl indicate an increase in the tenrion of the air within. Then 
are several other pieces of apparatns for similar experiments, which are, 
however, ezpensiye and not easy to handle. 



Fig. 743. 



Fig. 742. 



Fig. 741. 






[360] The foUowing ezperiments, in addition to those ennmerated in 
§ 102, 9, serve to show the inflnence of pressure npon the boiling point : 

(a) The water-hammer. Blow a halb npon a stoat glass tube, fig. 742, 
1 foot long, and draw ont the tnbe beyond this to a point Fill the 
tnbe with water np to the bulb, boil awaj enoagh to leave it half folii 
and, while boiling, melt the fine point. In such cases, as the tobe 
becomes verj hot, it may be held with a wooden clamp, fig. 743, taken 
from a stand to be described hereafter. As the tnbe is now yacaoos, 
water will boil in it by the heat of the hand, when it is held by the bnlb 
in a nearly horizontal position. If qnickly tnmed np, so as to let tbe 
water rnn in the other end of the tnbe, it will strike with a sound like 
mercnry in the barometer, withont breaking the tnbe, if well annealed. 
To make this requires a hot fire and a steady hand. 

(6) Th^ pulse-glass. Blow two bulbs on a glass tnbe, bend the tobe 
twiee at right angles, as seen in fig. 744, and draw ont the end to a poiot 
Fill the bnlb a and the tnbe with 70 to 80 per cent alcohol colored with 
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Bnsli-wood, expel the air by boiling, and seal the tobe, with abont half 

a balb foll of alcohol in it. When held horisontally bj one balb 

with the bnlba nppennost, the Fig, 744. 

liqnid will be driven with liyely 

ebnllition from one bolb to the 

other, and a sensible degree 

of eold prodnced by the eTap- 

orization. 

(c) A simflar ezperiment, well known as the cnlinary paradox, may be 
made as lepresented in fig. 745. The flask a is closely corked, while the 
water within is in rapid ebnllition. The application 
of cold to the ezterior canses the ebnllition to com- ^' '^*^- 

mence again, nntil the temperatnre of the whole 
falls below the point at which water boils in yacno. 

(cQ Papin^a digester. For illnstration, it is 
snfflcient to show the rise of the boiling point with 
the increase of pressure np to a few atmospheres. j^" 

For this pnrpose the boiler shonld be in a cylindrical 
form, 5 inches wide and 12 to 15 inches long; the 
metal mnst be 3 millimeters thick, to bear with safety 
an over-pressnre of fonr atmospheres. The boiler 
mnst have a safety-yalve, and a gange-cock to test 
the height of the water, which shonld not sink below 
the lerel of the snrfiAce exposed to the fire, a steam- 
cock, and a thermometer. The boiling point of the 
latter mnst be withont the vessel; its scale need not 
be graduated above 400° F. It is cemented in 
with litharge cement. If the fire-pan be insnlated 
by fonr glass legs, as in figs. 746 and 747, the boiler 
may be nsed as a sonrce of electricity. The fire-pan 
is made simply of sheet iron, the posterior edge a a, 
fig. 747, being bent slightly in ward. It terminates 
at the back in a short pipe, which shonld be con- 
nected with a good chimney. It shonld have a 
grate and door. The boiler may be heated with 
spirit contained in a box fitting ioto this pan, and 
proyided with 12 to 20 wicks, stuck throngh holes 
in the top. A pint of spirit is snfficient for a series of experiments with 
a boiler of the dimensions given, especially when filled at first with hot 
water. Fig. 748 represents the lamp. The precantion mnst never bo 
neglected not to allow the water to fall so low as to leave any part of the 
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heated snrface oncoTered. With snch small dimeiudons a gaage-tabe 
caoDot be applied, and when the preasare is high the water-cock alwajs 



F^g, 746. 




seems to emit steam, becaase the very hot water eyaporates in the open 
air; but if the band be passed through the jet, the copions moistnre 
deposited will fornish pretty safe evidence whether the steam containB 
liquid water. 

Fig. 748. Fijg. T49. 





If it be desired to open the boiler, either to clean it or to introdace 
something into it, an iron ring should be riveted to the end, and the plate 
with the gange-cock screwed to this, as seen in fig. 749. 

For these experiments, the weight reqaired by the safety-valve for each 
atmosphere should first be calculated, the boiler placed under the balänce, 
the lever saspended by its falcmm, and the slide moved antil it coanter- 
balances the weight in the other pan. The position of the weight 
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corresponding to each half atmosphere is then marked on the lever. 
The yalve miist dose the apertare ezactly, and the size of the apertare 
rnnst be veiy aocarately measnred. The thennometer is then inserted, 
and the boiler heated with rtjjing loade npon the valye, antil the steam 
not onlj escapes here and there, bot really opens the yalve, and the load 
of the latter is thns controlled, before the marks are permanently cnt into 
the lever. When the apparatas is designed for no other ase, the form 
shown in fig. 750 is the simplest. In this fignre, the thermometer is 
inserted in mercnry contained in a short iron tnbe screwed into the top. 

Fig. 150. 




[361] Leidenfrost'S experiment. — Take a small silyer or 
platina capsale, fig. 751, heated to redness oyer a spirit-lamp, and let a 
drop of water fall npon it from a glass tobe. 
When the spirit flame is good, seyeral drops ^^' *^^' 

may be let fdl in qnick snccession. While the 
capsnle remains oyer the fire, the water eyapo- 
rates yery slowly, with a constant, tremnlons, 
rotary motion; large drops assnming often an almost angular form. 
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The last minute drop explbdes gnddenlj. When remored fram the fire 
the water begins, as soon as the capsule ia cooled below red heat^ to 
adhere to tbe surface, and evaporates rery rapidly. Other metals, and 
eren glass, ezhibit the same phenomena. The experiment can be made 
with a BÜTer teaspoon, if the lamp bams welL It sncceeds beantifnUy in 
a large platina dish, bat it mnst be heated OTer bnming eoals, or a gas 
flame. In a platina cmcible, water can be accnmnlated saffident to 
immerse in it a thermometer, which will indicate 203^ to 209^ F. To 
see the tremnloos motion, and tbe angnlar fignres which the drops 
assame, the spoon shonld be fastened to some support 

The experiment of passing the band throngh molten metals belongs in 
this place. If a sufficient quantity of lead (10 to 20 Ibs.) be melted in an 
iron pan, it may be stirred with the band withont the least injary, 
and, indeed, a Sensation of coolness is feit, when the band is moisten^ 
with ether. 

[362] Hygrometers. — ^linder thls name are inclnded all instm- 
ments nsed to indicate the amount of moistnre in the atmosphere. They 
are of two classes. To the first belong two instmments which give the 
degree of moistnre directly: that is, whether the air is more or less satn- 
rated with moistnre ; the actnal qnantity of vapor of water being determ- 
ined by the aid of a thermometer. The Instruments of the other class g^ve 
directly the qnantity of water, and the fraction of satnration is determined 
by the thermometer. To the first class belong those toys which bare a 
catgat, 2 or 3 inches long, fastened at one end, with an index at the other. 
üsnally a human figure is chosen, npon the back of which a quill is fixed ; 
the catgat is contained in this, and is fastened at the further end of the 
quill, with the other end of the string passing throngh the figure to the 
arm, which senres as an index. These things haye no scale. 

Besides these, there are hygrometers of wood, whalebone, and hair. 
They all bare a centigrade scale. The zero point is obtained by placing 
the Instrument, with chloride of calcium or Nordhausen sulphuric acid, 
under a bell-glass, and marking the position of the index^ when stationary, 
which will be in about six hours. The point of Saturation is 100^, and is 
obtained by placing the Instrument with wet blotting-paper under a bell- 
glass. It is incorrect to plnnge the whole Instrument in water, as 
directed by De Luc, in order to find the point of greatest satnration of 
the air. 

(a) The wood hygrometer. Figs. 752 and 768 are a plan and yiew 
of this. Two wooden rods are fastened upright in tbe board a a\ these 
are grooved on the inside, and in these groores is inserted a slip of fir 
c c, not OTer one line in thickness. It mnst be made of fine grained 
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wood, free from knote, and mnet dide eeeilj in the grooves. To one of 
the bare is üuiened a plate d, opon the back of which ie the pin e, fig. 

Fig. 752. 



Fig. 753. 





Mg. 754. 



A 



754. An index ie fized on the first offset of this pin, and held down bj a 
rim/, iiTeted on the second offset The index mores freely, and reste by 
a pin on the slip c, which conseqnentlj raises the index when expanded 
bj the moistnre. When the wood contracts, the index sinks bj its own 
weight. The scale is marked on the other bar. 

(b) The hair hygrometer is the most nsefnl of all, becanse the 
hjgroscopic body, which is a smooth, straight, hnman hair boiled in weak 
alkali, is easily obtained. The hair expands from its condition of greatest 
dryness to that of greatest moistnre, abont ^ of its length. Figs. 755 
and 756 represent the instmment : a a is a brass frame, on one aide of 
which is the dial-plate 6, and on the other an arm c, snpporting between 
them an axle, whose circnmference is a little more than ^ the length of 
the hair. The axle is made to moTe an index orer the dial-plate. A 
pin is inserted in the other end of the frame, and held down bj a clamp, 
as Seen in fig. 757. The hair may be fastened directly to this nail, the 
other end carried orer the axle, and a weight of abont 15 centigrammes 
fastened to it The instmment is then complete except the grada- 
ation. Instead of the weight, which is inconrenient in carryipg the 
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instroment, a fine spiral spring may be nsed, as seen in the figare. It 
mnst be made rather long, so as to jield a tolerablj anifonn Tesistance 



Fig. 755. Fig^ 766. 




for the whole eztent of the mo- 
tion, not exceeding 16 centi- 

^^ grammes. Instead of carrjing 

Fig. 767. the hair Itself aronnd the azle, it 
1^ is nsnallj fastened b j clamps, fig. 

■ 758, to silk threads, and these 

H| A fastened to the lowerpin and the 
^^^^1 azle. To prevent anj slipping 
^^^^" on the axle, make a double cot 
on it, as in fig. 756, and carry a 
separate string to the spring. 
The ends of the strings can be 
easilj fastened to the azle, bj a 
hole bored throngh it This 
gires the additional advantage, 
that when a new hair is stretched, 
its length maj be altered until it 
corresponds to the fized points. 

(c) The tohalebone hygro- 
meter is arranged essentiallj like 
the hair hjgrometer, bat the strip 
of whalebone is made only | as 
long as the hair; it mnst not be over 2 millimeters wide, and cut per- 
pendicalar to the fibers. TJncnt whalebone is difficult to obtain, and 
therefore not verj snitable for a hjgrometer. Much pains haye been 
taken to make these instmments comparable with each other ; bat when 



Fig. 758. 



( 



4 



Fig, 759. 




one reflects that the j all gradnallj lose their hjgro- 
scopic properties, and eren hair hjgrometers, 
whose fized points agree, rary in the intermediate 
parts of the scale, it seems nseless to attempt 
forther perfection. 

{d) DanieVs hygrometer. This instroment is 
represented in fig. 759, and mnst be bought irom 
a reliable maker. The scale of the thermometer 
inclosed in the longer limb is now nsnallj made 
of glass, and nnited with the npper end of the 
thermometer. It mnst be immoTcü[)le in the tnbe, 
which is, therefore, narrowed toward the bnlb. 
The halb of the thermometer mnst dip into the 
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eiher, withoat tonching the bottom of the Imib. A ring, 2 or 8 lines 

Wide, aromid the middle of the bolb a mast be gilded» and the bnlb mnst 

contain enoogh ether to reach the middle of the gilt ring. The bnlb b is 

covered with rnnslin or fine linen. Another thermometer is fized on the 

snpport» and both have centigrade acales. To nse the 

instminent^ ponr on the bnlb b enongh snlphnric ether to ^' 7^0* 

moisten it thoronghlj, bnt not to hang in drop& The 

bottie, fig. 760, is convenient for this pnrpose, the 

heat of the band being snfficient to drive ont the ether. 

Not onlj the temperatnre at which the dew fonns on 

the gold ring shonld be obserred, bnt also that at 

which it disappears ; the mean is the dew point After 

the Observation, the ether Condensed in b mnst be 

allowed to mn back into a. Yery ezact obserrations 

can be made onlj with the telescope, the heat of the 

bodj rendering the data of the instmment incorrect. In the following 

table gives the amonnt of rapor and its tension, for temperatnres for 

— 20^ to + 40^ C. 
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From the temperature, which tbe exterior thermometer indicatOB, is 
derired the highest tension which the vapor could assnme, and the 
qnotient of this into the actnal tenrion according to the interior thenno- 
meter, giyes the moisture of the atmosphere. 

(e) BegnauWs hygrometer. SiDce glass is a bad condnctor of heat, 
the gilding of Daniel's thermometer has not ezactlj the temperatnre 
indieated bj the internal thermometer, for which reason Regnaalt, and 
before him Döebereiner, has proposed the following modifications : A 
vessel of thin, polished silrer, abont 2 centimeters wide and 4 centimeters 
high» is fitted tightly on a glass tnbe a, fig. 761, and fiUed with snlpboric 



Mg. 161, 




ether. The other end of tbe tnbe is closed hj ^ ^^^^' throngh which 
pass a thermometer t, and a tnbe B dipping into the ether, and a second 
Short glass tnbe. Bj blowing throngh B with the month the ether 
evaporates and therebj cools the silyer, so that the temperatnre at which 
dew is deposited on it can be observed ; a second thermometer indicating 
the temperatnre of the air. 

It is better to fix the apparatus on a stand, and draw the air throngh 
an aspirator, as seen in the fignre. The aspirator is simplj a tin vessel 
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fiUed with water. The lower apertnre has a stop-cock, by which the 
flow of tfae water can be regalated. The apertnre at the top is connected 
bj a caoatchonc tube with the short tnbe of the hjgrometer. The glass 
bottle fitted up with a siphon, according to § 162, fig. 296, maj be used 
instead of a separate aspirator. The siphon serres for the ezit tnbe, the 
air-tube is connected with the hjgrometer, and serves at the same time to 
regolate the flow. In this waj the whole apparatns, ezcept the silver 
cup, can be made at home at small expense. 

(/) The Psychrometer. The thermometers in this instmment mnst 
be more delicate than those of the preWons ones, and most be gradnated, 
at least^ to half degrees. The correctness of the flzed points, the corre- 
spondence of both thermometers, and the accnracj of the gradnation, most 
be tested hj carefol obserrations. Both thermometers mnst be fastened 
on a common stand, so that the bulbs shall 
be free. The coTered bnlb shoald be moist, 
withont drops of water hanging from it, and 
it is probablj best to connect it with a cotton 
wick, dipping into a yessel of water placed 
jost below it Snfficient water is thus drawn 
np hj capillaritj. The wick mnst be renewed 
occasionallj, which is no great tronble ; fig. 
762 represents this instmment The instm- 
ment mnst be snspended in the open air, and 
protected from strong cnrrents. linder these 
circnmstances, the tension x of the aqueons 
yapor maj be calcnlated bj the following 
formula: a? == / _ 000778 {t — t') 6, / 
being the tensiön of the satnrated yapor, 
at the temperatnre t', in millimeters ; t', the 
temperature of the wet; t, that of the dry 
thermometer, according to Celsius; 6, the 
height of the barometer rednced to the freez- 
ing point The effect of h is seldom greater 
than 0*1 of a millimeter, and, therefore, 
where the greatest accnracj is not reqnired, 
the mean height of the barometer maj be taken, and the factor h 
combined with the other constants ; if 6 be taken = 740 mm, then 
X = / — 0*574 {t — ^.) To obtain the qnantitj y of moisture con- 
tained in the air, let q be the qnantitj at the temperature <^ then 
y =^ q — 0*65 (^ — f.) The following table contains these nnmbers 
calcnlated for the psjchrometeric differences from 0^ to 12^, and the 
temperatnre of the air from — 20^ to + 85^ 0. 



Fig. 762. 
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[368] Latent heat Of Steam.— The great qoantitj of latent 
heat in steam maj be shown bj tfae apparatns fig. 763. Poar into the 
eylinder c a certain weight of water at a known temperatare, and cause 
the water in a to boil before inserting the tnbe b into the cjlinder. The 
boiling 18 kept ap untll all the air is driven oat of the apparatas, which, 

Fig, 763. 



m 




mai 



for an apparatns 5 ürnes the size of the figare, will reqnire 2 or 3 
minntes. The tnbe b is then introdnced into the eylinder, withont inter- 
mpting the boiling. The steam condenses, and the water rises in the 
eylinder. When it has increased aboat j'^, withdraw the tnbe b, and 
weigh the water again, after noting its temperatnre. A thermometer 
with a Tery small bnlb mnst be nsed, and only the bnlb immersed, as the 
Immersion of the whole Instrument with its scale wonld cause a greater 
error by cooling the water than would be ayoided by sinking the mercury 
to the top of the column. 

The calculation is simple, as the following ezample shows : Water 
weighed before the experiment 60 grammes, and afterwards 66*1. The 
temperatnre before the experiment was 12^ C, afterwards 68*5^; the 60 
grammes of water gained, therefore, 56*5^, that is, 60 . 56*5 = 3390 
Units of heat; 6*1 grammes of steam lost 31*5^ of heat, imparted there- 
fore 31-5 . 6*1 =192 nnits of heat to the other water; 3198 units of heat 
are due to the latent heat of 6*1 grammes of steam, 1 gramme has, there- 
fore, yielded 524 units. Although in this experiment the latent heat of 
steam always results too low, on account of the loss from the glass and 
the air, together with the water which condenses in the tnbe b, it is very 
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well suited to ahow the fact» and to giTe ui approzimAte idea of the 
quantity of latent heat in steam. 

[364] The oondenser. — ^A yery rimple, and for small Operations 
yery oseAil oondenser, is repreaented in fig. 7 64, which Ib particnlarly soitable 
for the illnstration of the apparatos. It eonsists of a glasa tnbe, 1 to 1^ 
feet long and 1 inch in diameter, throagh the center of which 



Fig. t64. 




another tnbe, ^ inch in diameter, projecting on both sides and fitted 
tightlj throngh corks. One end of the inner tnbe, which projects bat 
little, is Bomewhat enlarged ; the other end, which projects 8 to 4 inches, 
iB contracted. At this end a small tube, 5 or 6 inches long, bent at an 
acnte angle and terminating in a fnnnel, passes throagh the cork. A 
similar tnbe, bent twice at right angles, passes throagh the other cork. 
The condenser Is fixed in a sloping position, the fnnnel tnbe perpendicnlar, 
and rising higher than the apper end of the condenser. The neck of a 
little retort is inserted in the large end of the inner tobe. Water is ponred 
throngh the fnnnel so as to fiU the large tnbe, and as it gradnallj becomes 
heated, it mns off again throogh 6, condensiag the rapors in the inner 
tnbe. The water may be drawn bj a siphon from a higher vessel, and 
the flow thns regnlated as oecasion requires, or a Mariotte's vase maj be 
nsed instead of the siphon. 

[365] The cryopho- 
^^9' 'öö. rus,— This is repreaented 

in flg. 765, abont j the real 
size, bnt it is convenient to 
have the two arms, on which 




^ 
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the bnlbs an blown, Bomewhat longer than in the fignre, and the crosa- 
piece propoitionally shorter. The glase is constnicted like the pake- 
glasL It Je mied with water, and the boiling mnst be done over a wide 
ehareoal fire, so as to heat the tnbe thronghont ite whole eztent When 
the water has boiled long enough, and one bolb is not qnite half Aül of 
water, seal the opening with a blow-pipe. To make the ezperiment, all 
the water is got into one bnlb, and tiie other plnnged into a Aising 
miztnre of ponnded ice and salt, so ae to corer the entire bnlb and part 
of the tnbe. When the ressel containing the freezing mixture is small, 
it maj» previonsly, be snrronnded with ice. It is advisabie to interrnpt 
the ezperiment as soon as a film of ice forme in the free bnlb, becanse the 
entire freezing of the water is apt to bnrst the bnlb. When the ezperi- 
ment is made in snmmer, a dranght mnst be created, so that the air may 
be as little charged with aqneons vapor as possible, which is apt to occnr 
with a nnmerons andience, bnt the bnlb itself mnst not be ezposed to the 
dranght 



Fig, 766. 



(d.) EZFEEmiTS TO ILLV8TRATE THE STEAK-EHGIHE. 

[366] Heros' rotating balL — Blow a large glass bnlb with 
two points, pass these throngh a wire handle and bend them as shown in 
ftg. 766. Warm the bnlb, and, closing one point with 
the finger, draw in a little water. If the water be 
heated to boiling over a spirit-lamp, while the bnlb is 
dowlj tumed, the pressure of the escaping steam will 
canse it to rotate rapidly. The handle itself maj be 
made of glass, in which case the Jets aie first bent, 
and then the handle, made of two elender glass rods, 
which are attached to the bnlb, and afterwards joined 
together. 

[367] The Steam-engine. — in illnstrating the 
Bteam-engine, it is of the greatest importance to give 
a clear idea of the mode of workiDg the valyes, and of 
the action of the condenser in the low-pressnre engine. 
For the latter, jon maj revert to the ezperiment de- 
scribed in § 364. 

In respect to the working of the Talves, it is enongh 
to ezplain anj of the varions arrangements bj which 
the new steam is introdnced, altematelj above and 
below the piston, and the spent steam withdrawn ; 
that is, to consider the action of a donble-acting 
engine, no others being now in nse. The best for this purpose are the 
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sUding^ralres, and a sectional model shoold be made. Thiz can be done 
verj gimplj in the following way: First, bend an iron wire, fig. TST, so 

as to obtain two eranks a and 6, at 
right angles to each other, and the 
third c, d, whose podtion is indifferent 
Make for this a wooden frame» fig. 768, 
consiflting of two reotangnlar diviaons 
Ä and B\ the first of which repre- 
sents the cylinder, the other the 
Bteam-chest The Channels 1 2 3 «e 
painted on the partition between tfaem, 
with white paint on black gronnd: 1 and 3 leading from the Bteam- 
chest to the cylinder, and 2 into the open air, or to the condenser. The 

size of the apertnres in the steam- 
chest is eqnal to the length of the 
crank a, and the flanges of the dide 
are made of the same width. The 
slide is made either of brass, or wood 
painted yellow, and pressed against the 
partition between the two compart- 
ments bj a slight spring e e acting 
against the side of the frame. The 
bars n and o are grooved np as ÜEff as 
the length of the box Ä ; a cross-bar 
p is fixed between m and n to serve 
as a gnide to the Yalve-rod l L Be- 
fore the frame is put together, the 
cross-bar, fig. 769, is pnt into the 
grooTes between n and o, so as to 
slide freelj. The piston C consists 
of a bit of wood, and the piston-rod D 
is passed throngh holes in the cross- 
bar q and the top of the cjlinder at r, 
and glned fast to q and ö, Finally, 
make the rods t and u of stoat wire ; 

the latter appears foreshortened in 

the figure becanse its crank is horizontal ; laj the axis in notches in the bars 
m n 0, and fasten it down with little wire staples. The valve-rod l is 
made of wire, with a screw on the end, and the slide is 
fastened to it bj two nuts, so that when the craok a 
Stands horizontal, the slide woold be in the middle of 



Fig. 769. 
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äi6 partition between Ä and B. It is best not to maric the Channels 1 2 
8 nntil this is done, and to fix their poeition aeeording to the actual 
motion of the slide. A little tnbe x represents a steam-pipe. Bj tnrning 
the crank c d, the piston and the Bude will make the corresponding 
motions, so as to illnstrate fnllj this important part of the steam-engine. 

An eccentric wheel, fastened at a, instead of the crank, wonld serre to 
illnstrate this mnch-nsed contrivance. In this case, the snpport ontside 
of the sHde conld be omitted, and the azis made a little stronger. Large 
diagrams maj be nsed for farther illnstrations, bnt, better than all, a 
working modeL 

[868] Models of Steam-engines. — That the lectnrer mnst have 
some means of giving a correct conception of the working of a steam- 
engine, is beyond donbt; but whether a model is necessary, is qnite 
another question. If the means can be commanded, it will be well to 
provide a model ; bnt certainl j, there are manj things mach more valnable 
and necessary. The following points are important in constructing a 
model: — 

(a) It mnst not be execnted in what is called the model style, i. e., it 
mnst not be merely a little machine, which tnms a wheel by steam, 
omitting everything which is not necessary to this object; bat it mnst be 
accarately copied from some steam-engine in common nse. 

(6) The constmction of the model-machlne mnst be piain and easfly 
nnderstood, and mnst admit of the steam-chest being covered with glass. 
It is not necessary to haye the cylinder and the pnmps made of glass. 

(c) The model mnst not be on too small a scale. 

It is more important to show the action of the separate parts by taking 
them to pieces, than to set the machine actnally in motion. It is better 
to work the model by a force-pomp, than by the boiler, becanse it 
injnres it to be lefb standing a year after nsing it with steam withont a 
thorongh cleaning, which consntnes considerable time. 

[369] The locomotive.— One of the most valaable special forms 
of the steam-engine is the locomotive, and the principal points of its con« 
stmction cannot be well omitted in a conrse of physical instmction. The 
Chief pecnliarities of the locomotire engine, are the constmction of the 
boiler and the arrangement for mnning forward or backward at pleasnre. 
Both of these may be well illnstrated by the following sectional model : — 

Haye a ftsme, a abb, made of hard wood, figs. 770 and 771, of snch 
dimensions that the model will be ^'^ of the real size ; c c are only pieces 
which serre to fiU np. At the front a block of wood, m, is inserted in 
the frame, so as to be even at the top at e e. Fashion the half of this 
block into the section of the cylinder/, fig. 772, and of half of the steam- 



Digitized by 



Googk 



44S 



PHT8I0AL BXPSUMBNTATIOir. 



ehest g, which lies between the two cylinden» as showii in aectton in tba 
fignre» leaving the front and rear walls Standing. Excavate the npper 

Fig. tTO. 




Fig. T71. 




sorface, as in the figure, and screw the block in its place. Bore holea for 
the driving-rod and the valTe-rods. On the partition h, fig. 7*72, between 
the cylinder and the steam-chest, mark the apertnres for the valyes, jnst 



Fig. tT2. 



Fig. tT8. 





aa the model, fig. 768. In both cases this is the last thing to be done ; 
t i is a board, like fig. 773, set npright in the frame, with the necessary 
holes for the rods connected with the piston and eccentric. Between this 
board and the block m are fastened fonr groo?ed bars k, two of which 
serre as gnides for the piston-rods, onlj half the machiae being worked 
np, and the others, therefore, remaining nnemplojed ; n is a cross-piece 
screwed between two bars, and serves as a gnide for the valve-rod ; it is, 
for this reason, made of two halres. Notches are made in the cleats e e e, 
fig. 770, for the wooden axles of the wheels, which are onlj disks of wood. 
The wheels rnn ontside of the frame, and are glaed to the axles; the 
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driTing-wheeb are made ratber smaller, eo that thej can be torned 
freely bj a handle, when tfae model staocte on the foar nmning wheek. 
The driTing-azle is made of hard wood, in one piece, not glned together» 
the lengih of the cranks, which are placed at right angles to each other» 
being dependent opon the stroke of the piston. The piston consists of a 
thin disk of wood. The eccentrics are also made of wood, and mnst» 
tfaerefore, be rather larger than the proper proportion, to insore the 
reqnisite streng^h, Their edges are grooyed, to receive rings made of 
wire. The hole for the azle is so arranged that the fibers of the wood 
may mn perpendicular to the Ime drawn throngh the center. The disk 
is split in the line a b, fig. 774, and glned npon the axle in snch a position 
that the Prolongation of the valve-rod will pass between the two disks, 
which lie close together. The eccentricity of both is placed in a straight 
line, at right angles to the axis of the crank, no accoont being taken here 
of the effect of expansion. 

Fig. 775. 



Fig^ 774, 





Fig. 776. 



Fig. 777. 



l 



The rings aa^bb, fig. 775, are made of flattened wire, and a thicker, 
flattened wire, c d, soldered to one of each pair. The projections a a 
are filed ont a little close to the ring, so that Ihe two sections of the ring 
can be tied together with binding-wire. The two rods most be bent toward 
each other so that their ends d maj lie in the same vertical plane. The 
links are made of two plates, fig. 776, riyeted to two strips of brass, 
5g. 777, in which the rods of the eccentrics mn on pins; the complete 
Imitation of the ordinary constmction on snch a small scale being difficnlt^ 
and qnite unnecessary for the present pnrpose. On one side a cross-piece 
is riveted, with a pin ending in a screw, with 
which the arm x, fig. 771, of the bar 2, is con- 
nected, so that the links can be raised and 
lowered by means of the lever v and the rod w. 

The yalye-rod, fig. 778, which has two rollers 



Fig. 778. 
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a o, ifi inseited in tbe link, in which the rollen most moTe smootUy 
np and down ; thej mnst, therefore, be gronnd wüh emery. The portion 
of tbe ralve-rod which rnns in the gaide n, fig. ttl, is sqoare. The Talre 
itself conrists of a strip of brasa, as alreadj ezplained in fig. ?68; the 
spring is omitted. Figs. TtS and 780 represent the parts with the yalve 
k and the crank n in two podtions, the form of the links being somewhat 
changed. 

Fig. TT9. 




Fig. 780. 



4* 



-j. 




The piston-rods and connecting-rods are made as described in § 368, 
the gaide of the piston-rod being shorter as the bars k Je come mnch 
closer together in this case than in that Feed-pumps are not necessary 
in the modeL 

Set on the frame a half-round wooden model of the boiler, with its 
famace, smoke-chamber, chimnej, and dorne, a longitadinal section of the 
internal arrangement of these parts being painted on the block. Fig. 
781 represents the snrface which is painted, and figs. 782 and 783 are 
sections of the block in the lines indicated in fig. 781. It will be seen 
that this model has a rabbet on the round side of the iumace, which fits 
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on the frame aa,hb, fig. 771, the half-rooiid pari of the boiler fitting in 
the coDcayity of the board, fig. 7 78. If the model is made to be taken apart, 
as indicated by the dotted liDes, these sarfaces may also be coYered with 
paper, and the respeotiYe sections painted on them, the pieees being held 
together by pegs. 

Fig. 781. Fig, 782. Fig. 783. 




The foregoing paragraphs contain hints for the constniction of a 
sectional model, bat the ezecation presapposes an acquaintanee with all 
the parts of a locomotive, and some accnrate drawing most be taken as a 
gnide. 

Large diagrams may be nsed for fiirther illnstration of the separate 
parts, when a raüroad Station is not accessible. Even in this case, a 
sectional model is nsefiil for the previons explanation of these parts 
which cannot be seen at all, or at least not in action.* 

What has been said respecting a working model of a steam^eng^e 
applies to the locomotive, and the latter is mach less indispensable. 

(e.) EXPEBDCSVTS OH SPECIPIC HEAT. 

[370] Of the Yarions methods of showing the specific heat of bodies, 
that by miztnre is the only one adapted to class illnstration. The most 
instmctiYe ezperiments are : (1) The demonstration of Richmann's law, 
by mixing two weighed qnantities of water at different temperatnres, in 
Order to show that the capacity of water is constant at different tempera- 
tnres; and (2) the miztnre of mercnry and water, to show the low 
specific heat of the former. In the first ezperiment, the temperatnre of 
the mixtnres being first calcnlated, the Yessel is warmed with water to 

* Models of both these machines, well exeonted, and in many respects stronger 
than here described, with internal or externa! oylinders, may be had of Widman, in 
Freiborg, for from 8 to 10 dollan. 
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this degree ; this is emptied oat, and the bot and cold water immediatelj 
poared in, and stirred with a thermometer. In the second ezperiment, 
this precantion is not necessarj; the mercnrj being added to water at 
the temperatnre of the air, and rapidly stirred with an iron rod. It is 
simplest to take 1 Ib. of water at the temperatnre of the snrronnding air 
= t, and heat 1 Ib. of mercnry to 108-5^ F. + 1 The mixtnre will haye a 
temperatnre t + 84*2. The precantions given will insnre resnlts as nearly 
accordant as the pnrposes of instruction reqnire. 

The change of the specific heat of gaseons bodies, by expansion and 
compression, can be shown by the air-pnmp. For this pnrpose, snspend 
a sensitive thermometer (one with fine tnbe and large bnlb) in a small 
receiver, and exhanst the air rapidly ; the thermometer will sink from 2 to 
4 degrees. If the communication with the air be now cnt off, and the appa- 
ratns allowed to stand until the temperatnre is again eqnalized, and the 
air then admitted, the thermometer will rise. The reverse effect is pro- 
dnced by condensation. The resnlt is certain, bat can only be seen by a 
few at a time. Spirit thermometers, althongh more easily obsenred, are 
too dnll for this ezperiment. The diminished capacity of gases, for heat, 
by condensation, may also be shown by the fire-syringe. This consists 

of a glass or metallic cylinder, A B, fig. 
Fig.lSA. Fig. 785. 734, with a ronnded base, which is laid 

in the hoUow of the band, the cylinder 
itself being held between the fore and 
middle finger. A piston, c, fig. 785, 
with a cavity in the end, fits air tight 
into this cylinder. This cylinder has 
also a ronnded handle, and a little hook 
is nsnally placed in the cavity, to hold a 
bit of tinder. If the piston be forcibly 
driven into the cylinder and qnickly with- 
drawn, the tinder will take fire. This apparatns can be very well made 
in the foUowing way : Take a piece of brass of the requisite thickness — 
it is convenient bnt not necessary to have it cast; when soldered to- 
gether it renders boring difl&cnlt — and bore ont a block of wood on the 
lathe, so that the cylinder can be driven into it Tum off the top of the 
brass, and bore it throngh with a cannon drill. It is better to use two or 
three drills snccessively. Next, take the block with the brass from the 
lathe, dose it at one end, insert in it a stont iron wire, and fill it with 
melted lead. This wire, with the lead, is fixed on the lathe, smeared 
with emery and oil, and the tnbe gronnd ont with it, being constantly 
turned and slid back and forth. 
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Seyeral cylinden of lead mnst generally be iised, the last with fine 
pnmice powder and oiL The piston-rod is made of a steel wire, torned off 
to make a Shoulder for the plate a. A ficrew is cat on the end for the 
piece 6, and a little hole made for the hook c. Disks of leather soaked 
with tallow are pressed between a and b, and taroed on the lathe. Thia 
piston mnst move yery easily, and yet air tight; it is, also, the best test 
of the aniformity of the tobe. Finally, the handle of the tabe is soldered 
to it with tin, the wooden case having been previoosly split of^ and the 
tabe is then tnrned off smooth and polished. The apparatns sold in 
Shops is not always made with so mach care, and my chief reason for 
being thas minate, is to deseribe the mode of boring a tabe. 

(/.) BXFBSIMSVTS OH THE DIFFirSIOH OF HEAT. 

[371] The radiation from heated bodies is easily shown by the follow- 
ing ezperiment : Take a sheet of pasteboard and cat in it a roand hole, 
a little larger than the blackened halb of the dilTerential thermometer, or 
the apertore of the fonnel of the thermo-moltiplier. Place this screen 
apright on the table, and behind it the thermoscope, so as to be entirely 
protected, and snpport a mass of heated iron on a level with the apertare, 
at the distance of 1 or 2 feet. The thermoscope is not affected by the 
iron, nntJl it is placed before the apertore in the screen in a straight line 
with the heated mass. The thermoscope mnst not be more than 1 foot 
from the screen. 

[372] For the remaining experiments on radiant heat, a pair of 
spherical or parabolic metalHc reflectors, 14 to 20 inches in diameter, are 
reqaired. They need not be very highly polished. Spherical mirrors 
are generally preferable, becanse they can be more accarately gronnd than 
parabolic ; the latter are not easily gronnd on acconnt of their irregalar 
cnnratare ; bat spherical mirrors can easily be made accnrate enough to 
be nsed for optical pnrposes. They may be made at home in the foUow- 
ing way : — 

Make a model of sheet iron, with a radins of 1^ to 2 feet, the chord of 
which measnres 14 to 20 inches. Have a mirror made after this model, 
of stont brass, (yellow metal,) with a strengthened rim. A good workman 
will give the mirrors yery nearly the correct form, with only slight 
ineqnalities of the snrface. Lay these disks in a tnb fiUed with saw- 
dast, and grind them with a large piece of pamice-stone and water, nntil 
the whole sarface appears aniform, moving the pamice-stone in epicycloi- 
dal canres. The snrface will yery soon become spherical If, after 
grinding awhile, considerable ineqnalities still appear, they can be 
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remedied by hammering. The tedions Operation of grinding can be done 
by any person, under proper saperrision. When the snrface is uniforody 
groond with pamice-stone, take a thick pieee of beech-wood charcoal, cnt 
üpon it a face inclined to the axis at an angle of 45°, ronnd it ofif into 
the shape of the mirror, and with it grind away the marks of the pomice- 
stone, by the aid of oiL The final strokes mnst be made firom the margin 
toward the center. The final polish is imparted with whiting. 

The finished mirrors are screwed to a strong plate of brass, fig. 786, by 
holes drilled befbre the grinding. The plate is attached below the center 
of the mirror, and hinged to the end of a bar of wood, abont 1^ inches 
Square, on which it may be elevated or depressed by a wooden screw, h, 
fig. 787. The bar mnst be, at least, 3 feet long, and be fastened in a 
triangulär or Square base, so that it can be placed immediately upon the 
Fig. 786. Fig. 787. 




Fig, 788. Fig, 789. 




ÜD 




floor. No other a^justing-screws are reqnired. It is conyenient to 
attach to the vertical support a horizontal arm, of such a length that the 
hole Cf bored in the end of it, will be directly under the focus of the 
mirror. In this hole can be fastened by a binding-screw d, either a Utile 
table, fig. 788, or an iron fork, fig. 789, or a pointed wire. The table mnst 
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be broad enoügh to sapport the differential thermometer wita one of its 
bnUw in the focns. Separate Stands may be osed for many pnrposes, as 
in fig. 790. 

A coTer of pastebord shoald be made to protect the mirror from injnrj. 

[378] Experiments with the reflectors. — Place the two 



Fig. 790. 




mirrors parallel to each other, 
fig. 790, at a distance of 10 or 
20 feet, with their azes in the 
same straight line. The proper 
Position is most easily fonnd, 
by placing a light in the focns 
of one mirror and moYing both 
nntil the image of the light is 
Seen in the focns of the other. 

(a) Place in the focns of 
one mirror the blackened bnlb of the differential thermometer, and in the 
other the iron fork, fig. 789, snpporting a mass of 1 or 2 ponnds of iron, 
heated nearly to redness. The thermometer will immediately indicate 
considerable heat, which will cease when a screen of wood, pasteboard, or 
glass is placed between the two mirrors — ^glass being, howeyer, ather- 
manous only for rays of heat radiating from bodies below 212^ F. 

(6) Place a live coal in the iron fork, and a bit of tinder in the focns 
of the other mirror ; the tinder will soon be ignited, and the elTect is not 
preyented by a pane of glass held between the two mirrors. In this case, 
howeyer, it is advisable to place the mirrors nearer together, especially 
when they are not accnrately spherical, becanse the heat is somewhat 
diminished by the glass, and the rays not being reflected entirely parallel, 
that portion which strikes the second mirror may not be snfficient to 
ignite the tinder. The coal mnst be briskly blown by a hand-bellows. 

(c) A Inmp of ice placed in the focns of one mirror will canse the 
thermometer to sink in the focns of the other. 

(d) Take a cnbical brass box, polish one side, ronghen another, paint 
a third white with lead and gnm water, and blacken the fonrth with lamp- 
black. When this is fiUed with hot water and placed in the focns of one 
of the mirrors, the difference in the radiating power of the fonr sides may 
be shown by the differential thermometer. The mirrors mnst be placed 
only a few feet apart, and the side of the cube next the thermometer 
coYered with white paper to prevent radiation in that direction. This 
experiment can be made with one mirror, fig. 791, the focus corresponding 
to the Position of the cnbe being fonnd by the aid of a light. The cnbe 
mnst not be placed far from the mirror, and it is better to ose two mirrors. 

29 
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AlthoDgh the effect in the ordinary diffiBrentiftl thiennometer Ib ybtj 
perceptible, a thermo*maltiplier, § 841, is mnch better for the pmrpoee, 

Fig. 791. 




Fig. 792. 



for, althoQgh the differential thermometer may be free ttom atr and fiUed 
with alcohol, some rays of heat always Ml npon the other bnlb, althoogh 
they may not be concentrated, and, what is of more importance, tfae 
instmment partially corers the mirror. Besides this, it reqnires mneh 
longer for the differential thermometer to rest than for the needle of the 

gaWanometer. It is not even neces- 
sary to wait for this, for the final 
deflection of the needle may be esti- 
mated before it comes to rest The 
great difference in the effect of the 
Tarions sides of the cnbe makea tliis 
easier. The arrangement of the ex- 
periment is the same as in fig. 791f 
ezcept that the thermo-püe, with its 
fnnnel tnmed toward the mirror, is 
pnt in the place of the differential 
thermometer. Th^ pile is kept covered 
until the poles are connected with a 
galyanometer. The water in the cabe 
is, in the mean while, heated to boil- 
ing by a lamp placed nnder a stand, 
fig. 792. After remoying the lamp, 
ancover the pile, observe the deflection, and replace the corer. While 
the needle is coming to rest, the lamp may be replaced under the cnbe, 
and another face tnmed toward the mirror. When the thermo-pile is 
used, the mirror is not necessary; the fiinnel of the pile has only to be 
placed 1 or 2 inches Arom the side of the cnbe, even when the galvan- 
ometer has only a few hnndred tnms. 
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[374] CSondnotillg power Of aolidEU— In the aide of a brass 
Yessel, flg. 793, solder from 4 to 6 similar tabes, 2 or 3 lines long, and in 
these insert bars of varioos sabstances, sach as brass, iron, lead, glass, 
wood, etc., of eqaal length and thickness. Coat these bars lightly with 
melted wax, and ponr heated water or oil in the vessel ; the wax will be 
melted on the bars to oneqaal distances Arom the vessel. 



Fig, 798. 

V 



Fig. 794. 
CID 



^f. -■■—'-- 





[375] CJonducting power of liquids. 

— Surround a glass cylinder, fig. 794, with a 

metallic vessel ; fiU the cylinder with cold water, 

holding chalk or amber in Suspension, then 

place a thermometer, fig. 717, on the bottom of 

the glass cylinder, and hang a second in the 

water at the top. When this is done pour 

bot water into the metallic vessel. The motion 

of the particles of chalk will prove that the 

heated water ascends at the sides of the cylinder, 

while the colder portions sink in the middle. 

The Upper thermometer rises rapidly, while the lower one remains 

unaffected. 

The low conducting power of liquids may be shown by suspending a 
thermometer in a vessel of cold water, and then carefnlly pouring heated 
oil npon the snrfiEtce, or setting a capsule filled with buming alcohol upon 
it. The thermometer remains a long time unaffected. An air thermom- 
eter may be inserted through a cork, fitted in a hole in the side of the 
vessel, the bulb being placed near the surface of the liquid. 

The simplest mode of showing this ezperiment is to fiU a test-tube 
with water, and hold it by the bottom in a slanting position over the 
lamp until the water boils. 

The following ezperiment answers the same purpose. Fasten a glass 
tube, 10 or 12 inches long and 1 inch in diameter, closed at one end, on 
a Support, fig. 795. FiU the tube with water, and sink a lump of ice to 
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the bottom of it by a leaden weight; the water may be boiled in tfie 
opper part of the tube withoat melting the ice. 



Fig. 795. 



Fig. T96. 




The Support fig. 795 is aseful for many parposes. The slidiDg arm a 
sapports a clamp h, seen on a large scale in fig. 796. This can be 
fized in any position by means of the screw and nat c. The apparatas 



Fig. 797. 



may be had of all philosophical instmment 
makers. 

The circalation of beated water is well 
shown by the apparatas fig. 797. A glass 
tube is bent into a rectangle, and both ends 
cemented into a tabulated brass collar. The 
tube is filled with water, rendered turbid by 
powdered amber, supported by a clamp, and 
heated at one corner. The two comers, a 
and 6, should be bent first, one of them 
cemented in and the other coated with seal- 
ing-wax ; and then the other two bends made, 
after marking their positions with chalk. 

The tube might be made of two pieces connected by yalcanized india- 

mbber. 
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TABLES FOR REDUCING FRENCH JIEASÜRES TO 
ENGLISa 



TABLE I. 



COHPABIBON OV THE BAEOHETEB SOAUSS IN UILUHXTEBS AND INCHE8. 



Inchn. 

700 = 27 560 

701 = 27-590 

702 = 27-638 

703 = 27-678 

704 = 27-717 

705 = 27-756 

706 = 27-795 

707 = 27-835 

708 = 27-876 

709 = 27-914 

710 = 27-953 

711 = 27-992 

712 = 28032 

713 = 28-071 
714=28-111 

715 = 28150 

716 = 28-189 

717 = 28-229 
718=28-268 

719 = 28-308 

720 = 28-347 

721 = 28-386 

722 = 28-426 

723 = 28-465 

724 = 28 504 



Inches. 

725 = 28-543 

726 = 28-583 

727 = 28-622 

728 = 28-661 

729 = 28-701 

730 = 28-741 

731 = 28-780 

732 = 28-819 
733=28-859 
734=28-898 

735 = 28-938 

736 = 28-977 

737 = 29-016 

738 = 29 056 

739 = 29095 

740 = 29134 

741 = 29-174 

742 = 29-213 

743 = 29-252 

744 = 29-292 

745 = 29-331 

746 = 29-371 

747 = 29-410 

748 = 29-449 

749 = 29-489 



750 = 

751 = 

752 = 

753: 

754 = 

755: 

756 = 

757 = 

758 = 

759 = 

760 = 

761 = 

762 = 

763 = 

764 = 

765 = 

766 = 

767 = 

768 = 

769 = 

770 = 

771 = 

772 = 

773 = 

774 = 



InchM. 

: 29-528 
: 29-567 
: 29-607 
: 29-646 
: 29-685 
= 29-725 
: 29-764 
: 29-804 
: 29-843 
: 29-882 
: 29-922 
: 29-961 
: 30-000 
: 30040 
: 30-079 
: 30-119 
: 30-158 
: 30197 
: 30-237 
: 30-276 
: 30-315 
: 30-355 
: 30-384 
: 30-434 
: 30-473 



Inches. 

775 = 30-512 

776 = 30-552 
777=30-591 

778 = 30-631 

779 = 30-670 

780 = 30-709 
781=30-749 

782 = 30-788 

783 = 30-827 

784 = 30-867 

785 = 30-906 

786 = 30-945 

787 = 30-985 

788 = 31024 

789 = 31-063 



Inchee. Mms. 

28 = 711187 

29 = 735-587 

30 = 761-986 

31 = 787-386 



(463) 
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LIST OF APPARATUS 



FOR A COMPLETE COURSE ON PHYSICS. 



A.—OV EQÜILI6BIUM. 



A HiTMBBa of weights of any unit, or, 
instead of these, tin boxea for coinfl, or 
Band, 3 49. 

Some small seale-pans, { 49. 

Arraogement for the parallelogram of 
foroes, 2 50. 

Model of the knee-preas, { 51. 

Inolined plane, 2 ^S» &4- 

Apparataa to illuatrate the acrew, } 55. 

Archimedes' acrew, { 55. 

Model of a aorew-press, { 55. 

Apparattts to illuatrate the wedge, { 56. 

Seyeral pulleya, and ganga of puUeya, 
i 57, 58. 

Arrangement of leyera, { 59. 

Wheel and axle, { 60. 

Jack for hoisting, and modela of otber 
complex maohinea, { 60. 

Set of regulär figurea of wood to illua- 
trate the Center of grayitj, { 61. 

A figure balancing on a point, { 62. 

Double cone, { 68. 

A roUer of homogeneoua wood. 

A roller loaded on one aide with lead, 
{68. 

Chineae tumblera, { 64. 

Arrangement to illuatrate atable equi- 
librium, { 65. 

Apparatua to ahow the poaition of the 
Center of grayity in the balanoe, { 66. 

A fine balance, { 67. 



A common balance, { 69. 

Steelyard, { 71. 

Platform, or counter acalea, { 72. 

Spring balance. 

Iron weighta up to 25 Iba., { 70. 

Small braaa weighta, made to fit into 

eaoh other, { 70. 
Apothecary'a weighta, { 70. 
A aet of French weights, { 70. 
Marble plate and iyory ball, { 78. 
A glasB trumpet, a tube cut apirally, and 

a bunch of glasa threads, { 78. 
Bologna flaska, Ruperi'a dropa, { 78. 
Arrangement to compare the absolute 

cohesion of yarious aubatanoes, J 75. 
Coheaion platea of glaaa and metal, { 76. 
Arrangment for uaing the coheaion plates 

in yacuo, J 76. 
Platea for the adheaion of liquide, } 76. 
Apparatua to exhibit the uniform trana- 

miasion of pressure, J 77. 
Hjdraulic presa, { 77. 
Labela for boxea and bottlea. 
Hydrostatio bellowa, { 79. 
Apparatua to ahow the down ward prea- 

aure of water, 2 80. 
Apparatua to ahow the upward preaaure, 

{81. 
Communicating tubes, { 82. 
Communicating tubea for different liq- 

uida, 2 82. 
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LIST OF APPARATUa 



Sereral oylinden of wood to Ulastrate 

the Bubject of floating bodies, { 88. 
Arrangement to ahow the losa of weight 

in water, { 84. 
Carteaian doTil, { 85. 
Specific grayity bettle, { 86. 
Glasa balb loaded with meronry, 2 86. 
NicholBop's areometer, { 87. 
Yolumeter, 2 88. 
Tralle's hydrometer, } 91. 
Tall glase cylinder for the areometen to 

float in, 2 91. 
Areometen of Beck, Beaum^, and Car- 

tier, 2 92. 
A common saocharimeter, 2 98. 
Hydrometer indicating the specific grav- 

ity directly, 2 ^8. 
Capillary tubes, connecting with wider 

tubes, 2 94. 
A lot of simple capillary tubes, 2 94. 
Conical tubes, 2 94. 

A number of pieces of plate glass, 2 94. 
A number of small glass bulbs, some 

empty, some loaded with meroury, and 

balls of wood, cork, wax, etc., 2 94. 
Some plates of mica, 2 ^4. 
Endosmometer, 2 95. 
TorricelUan tubes, 2 ^' 
A cislern barometer, 2 97. 
A Siphon barometer, 2 97. 
Hüyghen's double barometer, 2 97. 
A wheel barometer, 2 97. 
Arrangement to demonstrate Mariotte*s 

law, 2 98.' 
An air-pump, 2 99. 
Receiyers for the air-pump, including 

one with a sliding rod. 

Ä— ON 

Atwood*s machine, 2 ^l^- 

Apparatus to show the curve of projec- 

tües, 2 116. 
Whirling machine, 2 ^7. 
Centrifhgal nülway, 2 118. 
Gyroscope, or Bohnenberger*s machine, 

2119. 
Apparatus for Fouoault's experiment, 

2120. 



Magdeburg hemispheres, 2 102. 

A cylinder for bursting bladders, 2 102. 

Siphon barometer incbsed in reoeiTer, 

2102. 
Bell to ring in yacuo, 2 102. 
Appanitus for fireexing water, 2 102. 
Flint lock to strike in yacno, 2 102. 
Siphon to be placed under a recelyer, 

2102. 
Arrangement to illustrate the theory of 

suction, 2 102. 
Arrangement for shower of mercury, 

2102. 
Balance manometer, 2 102. 
Receiyer for Condensed air, 2 102. 
Fountain with compressed air, 2 102. 
Glass balloon for weighing air, 2 102. 
Tube for falling bodies in yacuo, 2 102. 
Air-gun, 2 108. 
Siphons, 2 104. 
Tantalus' cup, 2 104. 
PipetUs, 2 104. 
Magic funnel and cans, 2 106. 
YestaVs sieye, 2 105. 
Hiero's fountain, 2 106. 
Magic cask, 2 106. 

Models of suction and forcepumps, 2 107. 
Model of a fire-engine, 2 107. 
Intermitting fountain, 2 108. 
Manometers of yarious kinds, 2 109. 
Hydrogen lamp, 2 HO. 
Gas generator, 2 HO. 
Balloon of gold-beater's skin, or coUo- 

dion, 2 111- 
Glass yessels communicating by a cock, 

for the diffusion of gases, 2 118. 



MOTION. 
Arrangement for the fall of bodies 

through chords and arcs, 2 1^1. 
A pendulum moying on knife edges, 2 121. 
A reyersion pendulum, 2 121. 
Pendulum to beat audibly, 2 122. 
Models of the common clock and watch 

escapements, 2 122. 
Apparatus to show the laws of impact, 

2128. 
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AppuratoB to demonstete Uie Uw of 

inoidenee and refleotion, 2 128. 
Tribometar, { 124. 
Spoating fluid maohine, 2 ^25. 
Uariotte'8 yase, g 126. 
Barker'a miU, { 128. 



Watar ram, g 129. 

A gaaomeier, { 180. 

Plate paradox for Clements ezparimeni, 

{182. 
ApparatuB to Ulastrata the draft of the 

loeomotive, { 182. 



(7.— ON ACOUSTICa 



Wheatatone's nndulation apparatus, 

3188. 
Troughs of glass and wood to hold water 

and mercury, { 188. 
A rope to show undulationa, { 184. 
Yiolincello bow. 

A tube to condaot sound, { 188. 
Cloaed and opened organ pipes, 2 ^41. 
Lip of an organ pipe with tnbea of yari- 

0U8 materials to fit it, 2 ^42. 
Clamp with glass and metal disks for 

Boand-figares, 2 187. 
Extensible tobe to sound in unison with 

a bell, 2142. 



Arrangement to produce sounds with a 

jet of hydrogen, 2 1^8. 
Apparatus to show nodes in tubes, 2 144. 
A siren, 2 1^^* 
A monochord, 2 l^^- 
Apparatus for longitudinal yibrations, 

2147. 
Two tuning-forks, 2 148. 
Apparatus for interference of sound- 

wayes, 2 149, 160. 
Apparatus for oommunicating yibrations, 

2151. 
Model to illustrate yocal organs, 2 1^2. 
Model of the ear, 2 158. 



D.— ON OPTICS. 



A theodolite which may be used as a 

goniometer. 
A Sheet of gold-leaf laid between glass, 

2154. 
A long gradnated bar, 2 181. 
Stands for one and four candles, 2 155. 
Photometer, 2 155. 

Arrangement for the camera olara, 2 157. 
Plane mirrors, oommon and blaok, 2 158. 
Hinged mirrors, 2 158. 
Ealeidosoope, 2 158. 
ConoaTB and conyex mirrors, 2 161, 162. 
Cylindrical and oonioal mirrors, 2 1^2. 
ApparatuB to show the law of refleotion, 

2159. 
Heliostat, 2 160. 
Apparatus to show the law of refraotion, 

2168. 
Camera luoida. 

The six prinoipal forma of lens, 2 165. 
A large lens of 2 to 4 feet focal distance, 

and seyeral of shorter focus, 2 165. 
A pooket lena. 



Seyeral soreens ooyered with white paper, 

1 to 10 Square feet, and a small one 

ooyered with straw paper. 
Priems of flint and crown glass, solid 

and hollow, 2 166. 
Screena with aperturea of yarious shapes 

and sises, 2 167. 
An oscillating prism, 2 1^7. 
Apparatusformeasuringrefraotion,2 167. 
Large glass halb to illustrate the rain- 

bow, 168. 
Beusoh's apparatus for the same pur- 

pose, 2 1^8- 
Apparatus to illustrate ohromatlc aber- 

ration, 2 169. 
Aohromatio prism. 
Achromatic lens. 
Apparatus to illustrate spherioal aber- 

ration, 2 170. 
Arrangement to exhibit fluoresoenoe, 

2171. 
Stand for demonstrating the anatomj of 

the eye, 2 172. 
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LIST OF APPABATUS. 



SUmpfer's Optometer, { 174. 

Ralnbow disk, { 175. 

Thaumatrope, { 176. 

Phantaaoopey { 177. 

Figures and oolored paper for sabjeottTe 

colorsy 2 178. 
NÖrremberg's apparatus for subjectire 

oolors, 2 178. 
Arrangement for making oolored ahad- 

0W8, 2 179. 
AstereoBOope, 2 1^- 
Arrangement to make, plotures stereo- 

Bcoplc without lenees or mirrors, 

2180. 
Camera obscura, 2 181. 
Solar miorosoope, 2 1^2. 
Compound microBCope, with prepared 

objectB, 2 188. 
Simple microscope with reflector. 
Achromatio terrestrial telescope, 2 184. 
Astronomioal telescope, with an arrange- 

ment for eqaatorlal mounting, 2 184. 
Lenses mounted so as to illuBtrate the 

theory of the telescope, 2 184. 
A reflecting telescope, 2 185. 



Uirror and priam for producing inter- 

ferenee, 2 187, 188. 
Glasses for prodaeing Kewton'a ringa, 

2189. 
Arrangement for prcgeetlng ihe ringa on 

a acreen, 2 189. 
Apparatua for Grimaldi'a ezperiment on 

interference, 21^* 
Magic Untern and alldea, 2 186. 
Arrangementa for experimenta on dif- 

fraction, 2 192. 
Apparatus to illustrate the Tibrations of 

polarixed light, 2 194. 
Polariiing apparatus, 2 195. 
Tourmalin apparatus, 2 197. 
Various crystals cut to show polarii- 

ation. 
A crystal of Iceland spar, and a model 

to show the sections, 2 200. 
Nichol's prism, 2 202. 
Thin plates of selenite and mica. 
Polariiing apparatus for liquida, 2 211. 
A piece of unannealed glasa. 
A press for glass, 2 212. 
Daguerreotype apparatus. 



iS:~Oy MAGNETISM. 



Magnetio bars. 

Magnetio bar with auooeaaion pointa« 

Horseshoe magnet. 

A piece of load-stone, 2 217. 



Magnetio needlea, 2 218. 

A compasa, 219. 

Dipping needle, 2 228. 

Bars of soft iron and iron-fillnga. 



/:— ON BLECTRICITY. 



Pith balls on linen and ailk threads. 
Amalgam— Chains and hooks, 2 284, 285. 
Rods of glass and sealing-wax. 
An electrioal needle, 2 287. 
Electrometers of different sorts. 
Toraion balance, 2 244. 
Proof-plane, 2 246. 
Blectrical machlne, 2 247. 
Steam eleotrical machine, 2 255. 
Insulating stool, 2 256. 
Eleotrical spider— Chime of bells, 2 257. 
Electric float— Gold fish, 2 257. 
Arrangement for hail storm and puppet 
dance, 2 257. 



Electric pistol, 2 257. 

Insulated globe and insulated cylinder, 

2 258. 
Arrangement to show the effeot of pointa, 

2 259. 
Insulated ball with hemispherical capa, 

2 260. 
A roll of gilt ribbon on an inaulated 

roller, 2 260. 
Conductors to ezhlbit electrioal induc- 

tion, 2 261. 
Franklin's plate with detaohed coatinga, 

2 262. 
An aasortment of Leyden jara, 2 263. 
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Diflohftrger — HeDlej'a uniTenal dis- 

oharger, { 264, 264. 
Lanne's measttring jar, } 266. 
Powder cup, { 268. 
Press for glass, } 268. 
Thunder house, { 268. 
Eleotrio mortar, { 268. 
Kinnersley's thermometer. 



Disks for produeing oorrents bj indno- 

tion» 2 268. 
ElectrophoruB, { 269. 
Gondensers of brass, lino, and oopper, 

2 271. 
Lightning tube, 2 272. 
Spotted plate, 2 272. 
Luminous letters, 2 272. 
Electrical egg — Aurora tube, 2 272. 



Ö.-ON GALVANISM. 



Copper and linc plates for Volta's ftin- 

damental experiment, 2 276. 
Voltaic pile of 50 pairs, 2 278. 
An assortment of binding-screws, 2 279. 
A Single WoUaston's couple, 2 280. 
Hare's calorimotor, 2 281. 
DanieU's battery, 2 286. 
OroTe's battery, 2 286. 
Bansen's battery, 2 287. 
Zamboni's dry pile, 2 289. 
Handies for reoeiving shooks, 2 290. 
A spur wheel, 2 291. 
Stand for supporting oharcoal points, 

2 292. 
Apparatus for production of cold, 2 294. 
Voltameter, 2 295. 
Arrangements for electro-metallurgy, 

2 298. 
Apparatus to show the effect of tbe 

ourrent on the magnetio needle, 2 808. 
SoTeral galTanometers, 2 804. 
A tangent compass, 2 307. 
Bheostat, 2 810. 
Sereral coils of wire of known resistance. 



Apparatus to show the resistance of 

fluids, 2 812. 
A small eleotro-magnet, 2 818. 
An eleotro-magnet for diamagnetism, 

2 818, 887. 
A Spiral for making artifioial magnets, 

2 814. 
A model of some machine driren by 

eleotro-magnetism, 2 815. 
Electric telegraph, 2 816. 
Ampere's stand, 2 817. 
A pole-changer, 2 818. 
A floating ring, 2 820. 
Apparatus to show the rotation of mag- 

nets or currents, 2 821. 
Helices for fundamental experiments on 

induction, 2 822. 
Buhmkorf's apparatus, 2 831. 
Arrangement for the extra current, 2 826. 
Electro-magnetic machine, 2 885. 
Apparatus to show the effect of rotating 

disks, 2 886. 
Melloni's apparatus, 2 841. 



Ä— ON HEAT. 



An assortment of thermometers. 
Differential thermometer, 2 844. 
Maximum and minimum thermometers, 

2 845. 
Apparatus to show the expansion of 

bodies by heat, 2 846. 
Model of a gridiron pendulum, 2 846. 
Model of Chronometer compensation, 

2 846. 
Expansion apparatus for liquids, 2 847. 



Apparatus to determine the maximum 

density of water, 2 848. 
Barometer tubes arranged to show the 

tension of yapors in yaouo, 2 855. 
Apparatus to illustrate the condenser in 

steam-engines, 2 856. 
Condensing apparatus for gases, 2 857. 
Apparatus to show the tension of aquo- 

ous Tapor in a space fiUed with air, 

2 859. 
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Wfttor-hammer, { 860. 

Palse-glaM, } 360. 

Papin's digester, { 860. 

PlAÜna oapsnle for Siedenfroei's ezperi- 

ii^ezit, { 861. 
YariouB hygrometen, { 862. 
Pflyohrometer, { 862. 
Liebig's condenser, of gUss, { 864. 
Cryophorus, { 865. 
Hero'8 rotaiing ball, 2 S^^* 



Model of aliding ^re% { 867. 

Fire-flyringe, { 870. 

Coneaye refleoton, { 872. 

Cube for radiation, 878. 

Condaotometer, { 874. 

ApparatoB to show ihe low eondnoüng 

power of liquida, ] 875. 
Safety-lamp. 
Model of a steam-enc^ne, { 867, 868. 
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PAoa 
Abebbation, spherical 199 

chromatio 198 

Absorption of gases 188 

Adhesion 82 

Adhesion plates ^... 82 

Agate oap8 244 

Air-gun 128 

Air-pump 112 

AUoys, fusible 418 

Amalgam 254 

Amalgamating sino 826 

Ampere's stand 876 

Analyzer 228 

Andriessen's electromeler.. 260 

Apparatus, care of» 17 

indispensable 28 

Pascfd's, to show the 

downward pressure of 

water 88 

Haldat's, for the same 

purpose 89 

Arago's rotating disks 899 

Archimede's prindple 92 

Areometer, Nioholson's 96 

Areometers, with scales 96 

Armature of magnets. 248 

Atwood's maohlne 186 

Aurora tube 809 

Bagk-stboke.«. 282 

Balance 76 

Balanoer 78 

Balloons 182 

Barker*8 mill 157 

Barometer, construction of 109 

Batteries, galyanio 819 

constant 827 

Baitery, Baniell's ». 827 

Bunsen*s 880 

GroYe's 829 

zino-iron 884 

Beoquerel's metallic oolors 860 



FAS! 

Bellows 80 

Binding-sorews 818 

Binnuth, orystallisation of 419 

Blast-lamp 87 

Blast-table 29 

Blastingby gaWanism 838 

Bohnenberger's electrometer 262 

Bologna flasks 80 

Bramah's press 84 

Breath-images 184 

Bronzing 840 

Caloaxsoüs spar, electricity of..... 811 

Camera Clara 188 

obscura 209 

Canada baisam, oement of 229 

Capillary tubes 106 

Cartesian devil 98 

Gases for apparatus 17 

Cells for Bunsen'ft battery 888 

Cement 68 

Centrifügal railway 142 

Chains, use of as conduotors 264 

Charging electrometers.. 264 

Chemical harmonica 168 

Centrifügal pendulum 142 

Chinese tnmbler ., 74 

Circular polarization '..... 289 

Circulation of water, apparatus to 

show 462 

Clay cells for batteries .« 827 

Cleaning apparatus 24 

Clement's ezperiment 161 

Coooon fibres 267 

Cohesion, apparatus to measure 

force of. 81 

Cold produced by galyanism 889 

Colored rings in ory stalline plates... 287 

shadows 208 

Colors of thinfilms 286 

Commnnioation of Tibrations 1 78 

Commatator 877 
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Compass 245 

of BineB 864 

CompenBation pendulum 418 

Compound microBCopo 211 

Gondenser 806 

Liebig'B 488 

of the Bteam-engine, llluB- 

tration of. 421 

CondenBation apparatus for gaBos... 422 

GondenBation of air 120 

Gonduoting power 865 

power of liquids for 

olectricity 868 

power of Bolids 451 

liquids 451 

Gopperingby galyanism 849 

Gork-cutterB 56 

Goulomb'B electroBcope 257 

Gounter-Bcalea 79 

GryophoruB, WollaBton'B 488 

GrystalB, outting of for opiioal pur- 

poBeB 281 

GnpBfVolta'B 819 

Gutting glasB tubeB 88 

Danikll'b htgrometeb 482 

Beclination 251 

Deflagration by galranic battery 887 

De la Rive*8 ring 882 

Delbnann'B electrometer 261 

Diamagnetism 400 

Diamond, use of. 42 

Diifraotion 222 

Dipping-needle 251 

Dlscharger 291 

DiBcharging electrometer 292 

DiBgttiBed electricity 286 

Döbereiner's lamp 180 

Double refraction 288 

Draft of locomotiveB, apparatuB to 

illuBtrate 161 

Drilling glaes •«. 26 

Drills for metals 48 

Dnratioy of the Impression of light.. 205 

ErrLüx, Telocity of 164 

Eisenlohr's column of resistance 867 

Electric telegraph 875 

Electrical ohime 277 

needle 256 

dance 279 

pistol 280 

machine, management of. 275 

flyer 278 

breath-images 802 

machine 265 

induction,experiment8 on 284 

Electricity, distribution of 282 

disguised 286 



Electricity, experiments on ^ 258 

deyeloped by magnetic 

induction 898 

Electrolysis 340 

Electro-magnetB 368 

Electro-magnetism as a motor 878 

Electro-metallurgy 843 

ElectrophoruB 803 

Elder-pith 253 

Emery ^ 26 

Eolipile - 37 

Equatorial mounting of telescopes.. 215 

Equilibrium 74 

Escapement 150 

Etching. 42 

Expansion, experiments on 405 

Expansion of gases 416 

soüds 412 

liquids 413 

bodiesofheat 412 

Extra current 389 

Eye, Btructureof 201 

Fall, in yacuo 128 

Fall through chords and arcs 146 

Fire syringe. 446 

Fiat spirals 387 

Floating currents 382 

Fluorescence 200 

Forces, composition of 61 

Forces, parallelogram of 58 

Forge 18 

Foucault's experiment 143 

Franken8tein*B process 348 

Franklin's plate 287 

Frauenhofer's lines 196 

Freezing mixtures 416 

Friction, apparatus to measure 153 

Friction-wheels 158 

Frog experiment 311 

Fusiblealloys 418 

I 

Qaltanism, experiments on 311 

GaWanometer for electro-metallurgy 346 

construction of. 351 

Gas apparatus 19 

blow-pipe 34 

Gases, Kondensation of 422 

specific grsTity of 122 

expansion of 416 

flow of, through tubes 160 

Gasometer 159 

Gilding 346 

Glass-blowing 88 

Glass for electrical purposes 253 

pressed 240 

unannealed 240 

Btoppers, grinding 27 

Glue 63 
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Gold-leaf eleotromeUra 269 

Governon 142 

Qrabaud's ftreeiing apparaiuB ^ 417 

Graduaiing maehine... 08 

Gridiron pendulum 418 

Gutta-percha 254 

GyroBcope 148 

HaLDAT'B APPA&ATU8 89 

Hard Steel, how magnetised 878 

Hare's calorimoter ^ 828 

Helicesfor induction^ 886 

Heliostat ^ 186 

Helix 880 

Henle j's universal discharger 291 

Hero's rotating ball 489 

Henohers experiment ou interfer- 

ence 176 

Hiero's ball 121 

fountain 127 

HoiTer'^s method of magneüilng 248 

Hopkins's experiment on nodes of 

Tibration 69 

Hydrostatic bellows 87 

Hydrometer Tralle's 99 

Beck's 100 

Beaum^'s 100 

Carüer^s 100 

Hygrometers 480 

Ige, formation of. 117 

Iceland spar, formation of 229 

Impact, spparatus to illustrate 150 

Inclined plane 62 

Index of refraction, measnrement of. 195 

Induction, experiments on 886 

Intalating stool 277 

Interference prism 218 

of light 216 

ofwayes 164 

of sound-waves 176 

Intermitting fountain 128 

JouvTs, how to make tight 64 

Kalsidoscopb 188 

Keeper for magnets 248 

Enee-presB 60 

Lahp fob glasb-blowino 82 

Lanne's measuring-jar 292 

Latent heat of water 416 

steam 487 

Leeture-room 17 

Leidenfrost's experiment 429 

Lenses 192 

liOTer, iUustrations of 69 

Ley den jar, construction of 288 

Lichtenberg*8 figures 806 



Liebig's condenser ...» 488 

Lightning tube 809 

Link motion in locomotives 448 

Loadstone 248 

Looomoti?e, model of. 441 

Longitudinal Tibrations 171 

Magio LAirn&N 216 

Magic fünnel 126 

Magdeburg hemispheres 115 

Magnetic ourres ., 250 

Magnetic eflfects of the galyanio cur- 

rent 851 

Magnetic hammer 890 

magaxines 242 

needles 244 

Magnetism, experiments on 241 

induction of. 250 

Magnetizaüon 247 

Magneto-electrio maehines 892 

Magnets, arüficial 241 

presenration of 242 

natural 248 

power of 249 

Magnifying power of lenses, estima- 

tion of « 218 

Manometer 120, 129 

Mariotte*s law 110 

yase 156 

Mattencors disk 801 

Maximum power of the battery, 

how obtained 871 

Maximum density of water 416 

Measure of resistanee 867 

Measures 24 

Melloni*B apparatus 402 

Mercury, purification of 109 

cups 818 

Mirrors, plane 188 

concaTe 186 

conyex 189 

Monochord 172 

Moulds for electroly sis 844 

Muench's gaWanic apparatus 828 

MüUer's pole-changer 878 

NbWTON'S BINGS 219 

Nichors prism. 285 

Nobili's rings 850 

Nodes of Tibration 165 

NÖrremberg's polariiing apparatus. 287 
apparatus for snb- 
jectiye colors 207 

Ohm*s law 865 

Optometer, Stampfer's 208 

Organ-pipe, theory of 166 

construction of 167 
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Pascars apparattts 88 

Pendulum 145 

Pendttlam with audibl« beat 122 

Phantascope 205 

Photometer, Ritohie's 180 

BuDsen's 182 

Photometiy 180 

Phjsiological effeota of gaWanic 

eurrent 884 

Pipette 126 

Platform-scales 79 

Plate paradox 161 

Plates for electrical machines 266 

Platinizing 849 

Points, e£fect of on eleotricity 282 

Polarisation of light 225 

Polarizing apparatuB 225 

Pole-changer 877 

Press for glass 297 

Prisms 192 

oscillating 194 

for Bulphide of carbon 1 98 

Projectiles, motion of. 186 

Proof-ßlane 265 

Psychrometer 485 

toblesfor 486 

PuUey, construction of. 67 

Pulse-glass 426 

Pyrometers 412 

quadrakt electrombtbb 258 

Radiation op cold 449 

Radiant heat, experiments on 449 

Rainbow, illastrations of 197 

Reflection of sound 166 

of light, MüUer's appa- 

ratus to illastrate 184 

Reflectors for heat 447 

Refraction 180 

experiments on 189 

Regnault's hygrometer 484 

Reinsch's induction apparatus 890 

ReuscVs npparatus 197 

Rheostat 865 

Richmann's law 445 

Rotary apparatus 882 

Rotating conductors 879 

disks, magnetic e£fecta of . 899 

Rohmkorf's apparatus 892 

Rupert's drops 80 

SaüBBUBB^S HAIB HYGBOMXTBIl. 481 

Sayart's experiment on sympathetic 

notes 168 

Scheiner's experiment 208 

Sorew 64 



I FAOB 

Screw, MüUer's experiment (o illas- 
trate 65 

Silk for electrical purposes 258 

Silyering 845 

Siphon 124 

anatomioal 87 

Siren 171 

Solar microscope i 210 

Soldering 50 

fluid 51 

Solenoid 880 

Solidification, heat of. 418 

Sound-figures 165 

Specific heat 445 

grayity, determination of ... 98 

Spectaele-glasses, selection of. 204 

Spheroidal State of liquids 429 

Spouting-fiuid machines 154 

Spur-wheel 885 

Stampfer's Optometer 203 

Steam-engine 489 

modelfl of. 441 

Steam, latent heat of 437 

Steam electrical machine 277 

Steelyard 79 

Stereoscope 209 

Straw electrometer 259 

Stracture of the ear 179 

Subjeetiye colors 207 

TaNGBNT COMPABB 860 

TantaluB* Tase 124 

Telescope 215 

Tempering steel 44 

Tension of electricity on the induc- 

tionwire 892 

of galTanic pile 884 

of yapor in a closed spac« . 421 

Terrestrial magnetism 252 

Thaumatrope....; 205 

Thermo-pile 402 

electricity 401 

electric currents produced 

with one metal 401 

Thermometers, construction of. 405 

differential 411 

maximum and mini- 

mum 412 

Thunder-house 298 

Tin-foil 289 

Tools 21 

Torricellian yacuum 108 

Torsion balance 264 

Total reflection 191 

Tourmalin apparatus 280 

electricity of. 810 

Tribometer 158 

Tuming-lathe .' 22 

Tuning-fork 175 
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Umbsa and Penambra 188 

Undolating machine... 226 

Upward pressure of water. 90 

Valtis of steam-engme, model of .. 440 

Varnishing 54 

Vaporization, laws of 419 

Vapors, diffusion ef, through gases. 426 

Vernier 26 

Vestal's ßieTe 126 

Viaion 208 

Vocal Organs 179 

Voltaic pile 816 

light 887 

Voltameter 840 

Watir-hammbr 426 

ram 167 
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Water, mazimam density of 416 

Wayes of arope 164 

in water 168 

Wedge, illustrations of. 66 

Weighing air 121 

Weights 78 

Wheatstone's apparatus 168 

Wheel and axle 72 

Whirling-machine 187 

Widow's cruse 126 

Wire drawing 44 

wrapping machine 866 

Winter's electrica] machines 272 

WoUaston's oryophorus 488 

galvanic apparatus 820 

Wrapping wires 866 

Zahboni's PILI 268, 866 
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J. B. IiIFFINOOTT A Oo.*B FUBIiIOATIONS. 

Nott and Gliddon's Types of Mankind. 

Types of Mankind, or Ethnological Researches, based upon 




the Ancient Paintings, Monuments, Sculptures, and Crania 

of Eaces, and upon Natural, Oeographical, Philological, 

and Biblical Historj. Bj J. C. Nott, M.D., of Mobile, 

Alabama, and George R. Oliddon, formerlj United States 

Consul at Cairo. One yoI Syo. $5.00. 

Trulj, << Types of Mankind*' is a work in all respeots worthy of our 

age and honorable to our countrj. It is anique in conoeption, remarkable 

in exeoution, and in the thoroughgoing and ontspoken manner in which it 

Btrikes at the root of historical falaehoods, clerioal ignoranoe, and phUan- 

thropioal hambugs. At the same time it places the studj of mankind 

upon philosophical foundationa, new as they are noble, and durable as they 

are simple. More useftil scientific knowledge, and more yaried erudition, 

were neyer before compressed into the same spaoe.— iVew York Herald. 
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J. B. IiIFFINOOTT ft Ck>.'s PUBLIOATIONB. 

Nott and Gliddon's IndigenouB Baces. 

Indigenous Baces of the Earth ; or, New Chapiers of Ethno- 




-v^f 





MnMlOuui. 

logical Inquiry. Contributed bj Alfred Maubt, Francis 

PüLSZKT, J. AiTKEN MsiQS, M.D.; presenting fresh invefi- 

tigatioDs, documents, and materials. By the Editors, J. C. 

NoTT, M.D., and Georoe R. Gliddon, authors of "Types 

of Mankind." One yoL royaJ 8vo. ' $5.00. 

Whateyer may be the reader's yiew of the main doctrine adyanoed, he 

cannot fall to be instraoted and delighted by much contained in the pages 

now before us. One involuntarily feeh an expansion and eleyation of the 

8oul as he approaohes the great mysteries of life and being, and traoks 

back again the distant ages until they are lost in obscarity, to interrogate 

the monuments of hiimanity that mark their course. — North American, 
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J. B. IiIPPnrOOTT ft Ck>.*8 FUBIiIOATIONS. 

Smith's (B. G.) Geographies. 

Smith'8 New Oeography: Contafning a concise tezt and ex> 
planatory notes. With over 100 Maps. For the ose of 
fichools in the United States and Canada. Bj Roswell C. 
Smith, A.M. 4to. $1.00. 

Smith*« New Geography has been in couree of preparation for many 
jears, and is the croTming production of (he distinguished author. No 
pains haye been spared to combine in it all that is essental to a completc 
and comprehensive school geograpfay, and great care has been taken 
to render it of the greatest practical usefnlnesB in the school-room and 
family. 

Prof. F. A. AlLvSf Principal of Chester Countj Normal School, speak» 
of this work in the following terms: — 

"It is without doubt the most comprehensive work of its size now pub- 
lished, and suffioientlj comprehensiTo to answer all the purposes of an 
adyanced work for higher institutions. . . . The test to which we are 
dailj submitting it proTes highly satisfactory to all concerned ; and though 
somewhat prctjndiced against it at first, we are now fully convinced of it» 
merits, an oTidence of which is found in the fact that we have adopted it ns 
onr STAKDABD TSXT-BOOK in geography." 

One can see at a glance that a Tast amount of labor has been expende<l 
in its preparation, and the result is the most complete text-book, both as 
regards method, and luciditj, and Tariety, and ränge of details, that we 
haye seen on this subject. — Evening Press. 

Primary Oeography. An introductory geography, designed 
for children. Illastrated with 126 engravings and 20 maps. 
Twenty-ninth edition, revised. By Roswell C. Smith, 
A.M. 16mo. 38 cents. 

Modem and Ancient Oeography. Oeography on the produc- 
tive System, for schools, academies, and familles. Latest 
revised and improved edition, containing the addition of 
ancient geography. Accompanied by a large and valuable 
Atlas of Modem and Anoient Maps. By Boswsll C. 
SmTH, A.M. 12mo. $1.25. 

Smith's Qnarto Oeography. A concise and practical System 
of geography, for schools, academies, and families. Designed 
as a sequel to the First Book. Illustrated with 32 steel 
maps and namerons engravings. By Ro8W£LL C. Smith, 
A.M. 12mo. 75 cents. 
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J. B. IiIPFIHCOTT ft Oo.'B FTTBLICATIONB. 

Theism and Skepticism. 

A Treatise on Theism and on the Modem Skeptical Theoriea. 
Bj Professor Francis Whabton, of Kenyon College. One 
Yol. 12mo. $1.25. 

It is a Tery intereBting yolume eyen to us upon this aide of the Atlantic. 
It may be placed with great advantage in the hands of thoughtful and 
inquiring young peraons; for it oonducts the several lines of argoment it 
takes up to sound conclusions, while the path is mäde plea&ant by anecdote 
and illastration. . . . A more interesting book, or one likely to bo 
more useful to young and ardent minds pasaing through that anzious State 
which often interyones to snch between the simple happy acquiescence of 
ohildhood, and that firm faith and undisturbed repose which is the frait of 
many a bitter conflict, we haye not lately met with, and we shall be glad 
to contribute anjthing to its success and wider oiroulation. — London Chrü- ^ 
tian Obterver. 

He illustratee his positions from law books and from Goethe; f^om 
AgaBsis, with his fossil fishes, and from Shakspeare; from lectores on 
coali and from Hugh Miller's Word-Pictures on the Rocks. . . . We 
are certain no one oan rise from a perusal of Mr. Wharton's book without 
being both interested and instructed. — Southern Churchman, 

The Human Body, etc. 

The Haman Body and its Connection with Man. lUnstrated 
by the principal organs. By J. J. Garth Wilkinson, Mem- 
her of the Royal College of Surgeons of England. One 
vol. 12mo. $1.00. 

A Yery curious and original work. It considers the organism of man in 
connection with his moral and spiritual nature, and ignores those mazims 
of natural science which regard him merely as an animal. The author is 
Said to favor the doctrines of Swedenborg, and he has drawn largely on 
the writings of that remarkable author in relation to the human body. No 
work on this subject has OTcr attracted so much attention from the religious 
World as this Tolume on **The Human Body and its Connection with 
Man." 

The Two L^hts. 

The Two Lights. By the anthor of "Strnggles for Life." 

One vol. 12mo. $1.00. 
A spirited noYel, written with a religious purpose, and designed to re- 
büke the skeptical spirit so preyalent in Ghristendom. The inoidents are 
striking, the characte^s well drawn, and the style liyely and readable. 
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Thia book Bhould he returned to 
the Library on or before the last date 
stamped below« 

A üue of five o^nts a day iß incurred 
by retammg it beyond the BpecUled 
time* 

Flease retum promptly. 
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